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A piano keyboard is deceptively simple. Essentially an array of on-off switches, with the application ofhuman rite 


intelligence it can produce an infinite variety of sound. Embedded controllers provide the “hidden intelligence” = 
found in thousands of products we use everyday. 
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Intel the Microcomputer Company: 


When Intel invented the microprocessor in 1971, itcreatedtheeraof  ——— 
microcomputers. Whether used as microcontrollers in automobiles or microwave 
ovens, or as personal computers or supercomputers, Intel’s microcomputers = =——— 

area. > | have always offered leading-edge technology. In the second half of the 1980s, Intel 
E, shitectures have held at least a 75% market share of microprocessors at 16 bitsandabove. ~— 
~ Intel continues to strive for the highest standards in memory, microcomputer components, = 
modules, and systems to give its customers the best possible competitive advantages. — 
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CUSTOMER SUPPORT 


CUSTOMER SUPPORT 


Customer Support is Intel’s complete support service that provides Intel customers with hardware support, software 
support, customer training, and consulting services. For more information contact your local sales offices. 


After a customer purchases any system hardware or software product, service and support become major factors in 
determining whether that product will continue to meet a customer’s expectations. Such support requires an interna- 
tional support organization and a breadth of programs to meet a variety of customer needs. As you might expect, 
Intel’s customer support is quite extensive. It includes factory repair services and worldwide field service offices 
providing hardware repair services, software support services, customer training classes, and consulting services. 


HARDWARE SUPPORT SERVICES 


Intel is committed to providing an international service support package through a wide variety of service offerings 
available from Intel Hardware Support. 


SOFTWARE SUPPORT SERVICES 


Intel’s software support consists of two levels of contracts. Standard support includes TIPS (Technical Information 
Phone Service), updates and subscription service (product-specific troubleshooting guides and COMMENTS Maga- 
zine). Basic support includes updates and the subscription service. Contracts are sold in environments which repre- 
sent product groupings (i.e., iRMX environment). ya 


CONSULTING SERVICES 


Intel provides field systems engineering services for any phase of your development or support effort. You can use 
our systems engineers in a variety of ways ranging from assistance in using a new product, developing an application, 
personalizing training, and customizing or tailoring an Intel product to providing technical and management con-  _— 
sulting. Systems Engineers are well versed in technical areas such as microcommunications, real-time applications, = __ 
embedded microcontrollers, and network services. You know your application needs; we know our products. Work- es 
ing together we can help you get a successful product to market in the least possible time. 2h, 


CUSTOMER TRAINING ) pee 


Intel offers a wide range of instructional programs covering various aspects of system design and implementation. In 
just three to ten days a limited number of individuals learn more in a single workshop than in weeks of self-study. 
_ For optimum convenience, workshops are scheduled regularly at Training Centers worldwide or we can take our 
workshops to you for on-site instruction. Covering a wide variety of topics, Intel’s major course categories include: : 
architecture and assembly language, programming and operating systems, bitbus and LAN applications. 
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MCS®-96 ARCHITECTURAL OVERVIEW 


| There are two groups of parts within the MCS®-96 


family: the standard 8X9X parts and the 8X9XBH 
parts. There are several enhancements on the 8X9XBH 
parts that are not on the 8X9X parts. This manual is 
written about the 8X9XBH parts, generically referred 
to as an 8096BH. Where the standard 8X9X parts dif- 
fer from the 8096BH, notations will be made. 


The 8096BH can be separated into several sections for 
the purpose of describing its operation. There is a 16-bit 
CPU, a programmable High Speed I/O Unit, an analog 
to digital converter, a serial port, and a Pulse Width 
Modulated (PWM) output for digital to analog conver- 
sion. In addition to these functional units, there are 
some sections which support overall operation of the 
chip such as the clock generator. The CPU and the 
programmable I/O make the 8096BH very different 
from any other microcontroller. Let us first examine 
the CPU. 
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1.0 CPU OPERATION 


The major components of the CPU on the 8096BH are 
the Register File and the RALU. Communication with 
the outside world is done through either the Special 
Function Registers (SFRs) or the Memory Controller. 
The RALU (Register/Arithmetic Logic Unit) does not ~ 
use an accumulator, it operates directly on the 256-byte 
register space made up of the Register File and the 
SFRs. Efficient I/O operations are possible by directly 
controlling the I/O through the SFRs. The main bene- 
fits of this structure are the ability to quickly change 
context, the absence of accumulator bottleneck, and 
fast throughput and I/O times. 


1.1 CPU Buses 


A “Control Unit” and two busses connect the Register 
File and RALU. Figure 1 shows the CPU with its 
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Figure 1. Block Diagram 
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major bus connections. The two buses are the ““A-Bus” 
which is 8-bits wide, and the ‘““D-Bus” which is 16-bits 
wide. The D-Bus transfers data only between the 
RALU and the Register File or Special Function Regis- 
ters (SFRs). The A-Bus is used as the address bus for 
the above transfers or as a multiplexed address/data 
bus connecting to the “‘Memory Controller’. Any ac- 
cesses of either the internal ROM or external memory 
are done through the Memory Controller. 


Within the memory controller is a slave program coun- 
ter (Slave PC) which keeps track of the PC in the CPU. 
By having most program fetches from memory refer- 
enced to the slave PC, the processor saves time as ad- 
dresses seldom have to be sent to the memory control- 
ler. If the address jumps sequence then the slave PC is 
loaded with a new value and processing continues. 
Data fetches from memory are also done through the 
memory controller, but the slave PC is bypassed for 
this operation. 


1.2 CPU Register File 


The Register File contains 232 bytes of RAM which 
can be accessed as bytes, words, or double-words. Since 
each of these locations can be used by the RALU, there 
are essentially 232 “accumulators”. The first word in 
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the Register File is reserved for use as the stack pointer 


so it can not be used for data when stack manipulations 
are taking place. Addresses for accessing the Register 
File and SFRs are temporarily stored in two 8-bit ad- 
dress registers by the CPU hardware. 


1.3 RALU Control 


Instructions to the RALU are taken from the A-Bus 
and stored temporarily in the instruction register. The 
Control Unit decodes the instructions and generates the 
correct sequence of signals to have the RALU perform 
the desired function. Figure 1 shows the instruction 
register and the control unit. 


1.4 RALU 


Most calculations performed by the 8096BH take place 
in the RALU. The RALU, shown in Figure 2, contains 
a 17-bit ALU, the Program Status Word (PSW), the 
Program Counter (PC), a loop counter, and three tem- 
porary registers. All of the registers are 16-bits or 
17-bits (16+ sign extension) wide. Some of the regis- 
ters have the ability to perform simple operations to off- 
load the ALU. 
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Figure 2. RALU Block Diagram 
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A separate incrementor is used for the PC; however, 
jumps must be handled through the ALU. Two of the 
temporary registers have their own shift logic. These 
registers are used for the operations which require logi- 
cal shifts, including Normalize, Multiply, and Divide. 
The “Lower Word” register is used only when double- 
word quantities are being shifted, the “Upper Word” 
register is used whenever a shift is performed or as a 
temporary register for many instructions. Repetitive 
shifts are counted by the 5-bit “Loop Counter”. 


A temporary register is used to store the second oper- 
and of two operand instructions. This includes the mul- 
tiplier during multiplications and the divisor during 
divisions. To perform subtractions, the output of this 
register can be complemented before being placed into 
the “B” input of the ALU. 


The DELAY shown in Figure 2 is used to convert the 
16-bit bus into an 8-bit bus. This is required as all ad- 
dresses and instructions are carried on the 8-bit A-Bus. 
Several constants, such as 0, 1 and 2 are stored in the 
RALU for use in speeding up certain calculations. 
These come in handy when the RALU needs to make a 
_2’s complement number or perform an increment or 
decrement instruction. 


1.5 Internal Timing 
The 8096BH requires an input clock frequency of be- 


tween 6.0 MHz and 12 MHz to function. This frequen- 
ey can be applied directly to XTALI. Alternatively, 


since XTAL1 and XTAL2 are inputs and outputs of an 
inverter, it is also possible to use a crystal to generate 
the clock. A block diagram of the oscillator section is 


shown in Figure 3. Details of the circuit and sugges- 


tions for its use can be found in Section 1 of the Hard- 
ware Design chapter. 


The crystal or external oscillator frequency is divided 
by 3 to generate the three internal timing phases as 
shown in Figure 4. Each of the internal phases repeat 
every 3 oscillator periods: 3 oscillator periods are re- 
ferred to as one “state time’’, the basic time measure- 
ment for 8096BH operations. Most internal operations 
are synchronized to either Phase A, B or C, each of 
which have a 33% duty cycle. Phase A is represented 
externally by CLKOUT, a signal available on the 
68-pin part. Phases B and C are not available external- 
ly. The relationships of XTAL1, CLKOUT, and Phases 
A, B, and C are shown in Figure 4. It should be noted 
that propagation delays have not been taken into ac- 
count in this diagram. Details on these and other tim- 
ing relationships can be found in the Hardware Design 
chapter. 
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Figure 3. Block Diagram of Oscillator 


The RESET line can be used to start the 8096BH at an 
exact time to provide for synchronization of test equip- 
ment and multiple chip systems. Use of this feature is 
fully explained under RESET, Section 13. , 
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Figure 4. Internal Timings Relative to XTAL 1 
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2.0 MEMORY SPACE 


The addressable memory space on the 8096BH consists 
of 64K bytes, most of which is available to the user for 
program or data memory. Locations which have special 
purposes are OO00H through OOFFH and 1FFEH 
through 2080H. All other locations can be used for ei- 
ther program or data storage or for memory mapped 
peripherals. A memory map is shown in Figure 5. 


2.1 Register File 


Locations 00H through OFFH contain the Register File 
and Special Function Registers, (SFRs). No code can 
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NOTE: 


be executed from this internal RAM section. If an at- 
tempt to execute instructions from locations 000H 
through OFFH is made, the instructions will be fetched 
from external memory. This section of external memo- 
ry is reserved for use by Intel development tools. Exe- 
cution of a nonmaskable interrupt (NMI) will force a 
call to external location O000H, therefore, the NMI in- 
struction is also reserved for Intel development tools. 


The RALU can operate on any of the 256 internal reg- 
ister locations. Locations OOH through 17H are used to 
access the SFRs. Locations 18H and 19H contain the 
stack pointer. These are not SFRs, and may be used as 
standard RAM if stack operations are not being per- 
formed. The stack pointer must be initialized by the 
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*Registers marked by an asterisk are not present on 8X9X devices 


Figure 5. Memory Map 


17-4 


user program and can point anywhere in the 64K mem- 
ory space. The stack builds down. There are no restric- 
tions on the use of the remaining 230 locations except 
that code cannot be executed from them. 


2.2 Special Function Registers 


All of the I/O on the 8096BH is controlled through the 
SFRs. Many of these registers serve two functions; one 
if they are read from, the other if they are written to. 
Figure 5 shows the locations and names of these regis- 
ters. A summary of the capabilities of each of these 
registers is shown in Figure 6, with complete descrip- 
tions reserved for later sections. 


There are several restrictions on using special function 
registers. 


Neither the source or destination addresses of the Mul- 
tiply and Divide instructions can be a writable special 
function register. 


These registers may not be used as base or index regis- 
ters for indirect or indexed instructions. 


These registers can only be accessed as bytes unless 
otherwise specified in Figure 6. Note that some of these 
registers can only be accessed as words, and not as 
bytes. 


Within the SFR space are several registers labeled 
“RESERVED”. These registers are reserved for future 
expansion and test purposes. Operations should not be 
performed with these registers as reads from them and 
writes to them may produce unexpected results. For 
example, in some versions of the 8096 writing to loca- 
tion OCH will set both timers to OFFFXH. This may 
not be the case in future products, so it should not be 
used as a feature. 


2.3 Power Down 


The upper 16 RAM locations (OFOH through OFFH) 
receive their power from the Vpp pin. If it is desired to 
keep the memory in these locations alive during a pow- 
er down situation, one need only keep voltage on the 
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Vpp pin. The current required to keep the RAM alive 
is approximately 1 milliamp (refer to the data sheet for 
the exact specification). Both Vcc and Vpp must have 
power applied for normal operation. If Vpp is not ap- 
plied the power down RAM will not function properly, 
even if Vcc is applied. 


To place the 8096BH into a power down mode, the 
RESET pin is pulled low. Two state times later the part 
will be in reset. This is necessary to prevent the part 
from writing into RAM as the power goes down. The 
power may now be removed from the Vcc pin, the 
Vpp pin must remain within specifications. The 
8096BH can remain in this state for any amount of time 
and the 16 RAM bytes will retain their values. 


To bring the 8096BH out of power down, RESE 
held low while Vcc is applied. Two state times after the 
oscillator has stabilized, the RESET pin can be pulled 
high. On the 8X9X devices the back-bias generator must 
also stabilize. This requires approximately I millisecond. 
The 8096BH will begin to execute code at location 
02080H 10 state times after RESET is pulled high. Fig- 
ure 7 shows a timing diagram of the power down se- 
quence. To ensure that the 2 state time minimum reset 
time (synchronous with CLKOUT) is met, it is recom- 
mended that 10 XTALI cycles be used. Suggestions for 
actual hardware connections are given in the Hardware 
Design Chapter. Reset is discussed in Section 13. 


To determine if a reset is a return from power down or 
a complete cold start a “key” can be written into pow- 
er-down RAM while the part is running. This key can 
be checked on reset to determine which type of reset 


has occurred. In this way the validity of the power- 
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down RAM can be verified. The length of this key de- 
termines the probability that this procedure will work, 
however, there is always a statistical chance that the 
RAM will power up with a replica of the key. 


Under most circumstances, the power-fail indicator 
which is used to initiate a power-down condition must 
come from the unfiltered, unregulated section of the 
power supply. The power supply must have sufficient 
storage capacity to operate the 8096BH until it has 
completed its reset operation. 
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AD__RESULT 


AD__COMMAND 


HSI_MODE 
HSI__TIME 


HSO__TIME 


HSO_.COMMAND 


HSI_STATUS 


SBUF (TX) 
SBUF (RX) 


INT_.MASK 


INT_.PENDING 


WATCHDOG 


TIMER1 
TIMER2 
lOPORTO 
BAUD__RATE 


lIOPORT 1 
lIOPORT2 
SP_STAT 
SP_.CON 
lOSO 

lOS1 


lOCO 


lOC1 


PWM__CONTROL 


Zero Register — Always reads as a zero, useful for a base whert 
indexing and as a constant for calculations and compares. 


A/D Result Hi/Low — Low and high order Results of the A/D 
converter (byte read only) 


A/D Command Register — Controls the A/D 
HSI Mode Register — Sets the mode of the High Speed Input unit. 


HSI Time Hi/Lo — Contains the time at which the High Speed 
Input unit was triggered. (word read only) 


HSO Time Hi/Lo — Sets the time or count for the High Speed 
Output to execute the command in the Command Register. (word 
write only) 


HSO Command Register — Determines what will happen at the 
time loaded into the HSO Time registers. 


HSI Status Registers — Indicates which HSI pins were detected at 
the time in the HSI Time registers and the current state of the pins. 


Transmit buffer for the serial port, holds contents to be outputted. 


Receive buffer for the serial port, holds the byte just received by 
the serial port. 


Interrupt Mask Register — Enables or disables the individual 
interrupts. 


Interrupt Pending Register — Indicates that an interrupt signal has 
occurred on one of the sources and has not been serviced. 


Watchdog Timer Register — Written to periodically to hold off 
automatic reset every 64K state times. 


Timer 1 Hi/Lo — Timer 1 high and low bytes. (word read only) 
Timer 2 Hi/Lo — Timer 2 high and low bytes. (word read only) 
Port 0 Register — Levels on pins of port 0. 


Register which determines the baud rate, this register is loaded 
sequentially. 


Port 1 Register — Used to read or write to Port 1. 

Port 2 Register — Used to read or write to Port 2. 

Serial Port Status — Indicates the status of the serial port. 

Serial Port Control — Used to set the mode of the serial port. 
|/O Status Register 0 — Contains information on the HSO status 


|/O Status Register 1 — Contains information on the status of the 
timers and of the HSI. 


I/O Control Register 0 — Controls alternate functions of HSI pins, 
Timer 2 reset sources and Timer 2 clock sources. 


1/O Control Register 1 — Controls alternate functions of Port 2 
pins, timer interrupts and HSI interrupts. 


Pulse Width Modulation Control Register — Sets the duration of 
the PWM pulse. 


Figure 6. SFR Summary 
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LULL 


10 XTAL1 CYCLES 


CLOCK NOT NECESSARY 


10 XTAL1 CYCLES 
AFTER CLOCK IS STABLE 
270250-6 


Figure 7. Power Down Timing 


2.4 Reserved Memory Spaces 


A listing of locations with special significance is shown 
in Figure 8. The locations marked “‘Reserved” are re- 
served by Intel for use in testing or future products. 
They must be filled with the Hex value FFH to insure 
compatibility with future parts. 


Locations 1FFEH and 1FFFH are reserved for Ports 3 
and 4 respectively. This is to allow easy reconstruction 


of these ports if external memory is used in the system. 


An example of reconstructing the I/O ports is given in 
section 7 of the Hardware Design chapter. If ports 3 
and 4 are not going to be reconstructed, these locations 
can be treated as any other external memory location. 


The 9 interrupt vectors are stored in locations 2000H 


i through 2011H. The 9th vector is used by Intel devel- 


opment systems, as explained in Section 4. 


Locations 2012H through 2017H are reserved for fu- 
ture use. Location 2018H is the Chip Configuration 
byte which will be discussed in the next section. The 
Jump-To-Self opcodes at locations 201AH and 201BH 
are provided for EPROM programming as detailed in 
the Hardware Design chapter. Locations 2020H 
through 202FH are the security key used with the 
ROM Lock feature which will be discussed in the next 
section. All unspecified addresses in locations 2000H 
through 207FH, including those marked Reserved, 
should be considered reserved for use by Intel. 


Resetting the 8096BH causes instructions to be fetched 


starting from location 2080H. This location was chosen 
to allow a system to have up to 8K of RAM continuous 
with the register file. Further information on reset can 
be found in Section 13. 
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Register Mapped I/O (SFRs) 
Stack Pointer 

Ports 3 and 4 

Interrupt Vectors 

Reserved 

Chip Configuration Byte 


Reserved 

“Jump to Self” Opcode (27H FEH) 
Reserved 

Security Key 

Reserved 

Reset Location 


Figure 8. Registers with Special Significance 


2.5 Internal ROM and EPROM 


When a ROM part is ordered, or an EPROM part is 
programmed, the internal memory locations 2080H 
through 3FFFH are user specified, as are the interrupt 
vectors, Chip Configuration Register and Security Key 
in locations 2000H through 202FH. 


Instruction and data fetches from the internal ROM or 
EPROM occur only if the part has a ROM or 
EPROM, EA is tied high, and the address is between 
2000H and 3FFFH. At all other times data is accessed 
from either the internal RAM space or external memo- 
ry and instructions are fetched from external memory. 
The EA pin is latched on RESET rising. Information 
on programming EPROMs can be found in Section 10 
of the Hardware Design chapter. 


Do not execute code out of the last three locations of 
internal ROM/EPROM. 
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2.6 Memory Controller 


The RALU talks to the memory (except for the loca- 
tions in the register file and SFR space) through the 
memory controller which is connected to the RALU by 
the A-Bus and several control lines. Since the A-Bus is 
eight bits wide, the memory controller uses a Slave Pro- 
gram Counter to avoid having to always get the instruc- 
tion location from the RALU. This slave PC is incre- 
mented after each fetch. When a jump or call occurs, 
the slave PC must be loaded from the A-Bus before 
instruction fetches can continue. 


In addition to holding a slave PC, the memory control- 
ler contains a 3 byte queue to help speed execution. 
This queue is transparent to the RALU and to the user 
unless wait states are forced during external bus cycles. 
The instruction execution times shown in Section 14.8 
show the normal execution times with no wait states 
added and the 16-bit bus selected. Reloading the slave 
PC and fetching the first byte of the new instruction 
stream takes 4 state times. This is reflected in the jump 
taken/not-taken times shown in the table. 


2.7 System Bus 


There are several operating modes on the 8096BH. The 


standard bus mode uses a 16-bit multiplexed address/ 
data bus. Other bus modes include an 8-bit mode and a 
mode in which the bus size can dynamically be 
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switched between 8-bits and 16-bits. In addition, there 
are several options available on the type of control sig- 
nals used by the bus. 8X9X devices only operate in the 
standard mode. 


In the standard mode, external memory is addressed 
through lines ADO through AD15 which form a 16-bit 
multiplexed (address/data) data bus. These lines share 
pins with I/O Ports 3 and 4. The falling edge of the 
Address Latch Enable (ALE) line is used to provide a 
clock to a transparent latch (74LS373) in order to de- 
multiplex the bus. A typical circuit and the required 
timings are shown in Section 7 of the Hardware Design 
chapter. Since the 8096BH’s external memory can be 
addressed as either bytes or words, the decoding is con- 
trolled with two lines, Bus High Enable (BHE) and 
Address/Data Line 0 (ADO). On the 8X9X devices the 
BHE line must be transparently latched, just as the ad- 
dresses are. 


To avoid confusion during the explanation of the mem- 
ory system it is reasonable to give names to the demulti- | 
plexed address/data signals. The address signals will be 
called MAO through MA15 (Memory Address), and 
the data signals will be called MDO through MD15 
(Memory Data). 


When BHE is active (low), the memory connected to 
the high byte of the data bus should be selected. When 
MAO is low the memory connected to the low byte of 


PHASE A / \ i \ / \ | 


(CLKOUT) 


PHASE B 
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BHE, INST 


NOTES: 


1. These sections are not valid on 8X9X devices (16-bit Mode) 
2. BHE/INST are valid for the entire bus cycle on the 8096BH 


*IF ALE IS HIGH 
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Figure 9. External Memory Timings 
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the data bus should be selected. In this way accesses to 
a 16-bit wide memory can be to the low (even) byte 
only (MA0=0, BHE= 1), to the high (odd) byte only 
(MAO= 1, BHE=0), or to both bytes (MAO=0, 
BHE=0). When a memory block is being used only for 
reads, BHE and MAO need not be decoded. 


TIMINGS 


Figure 9 shows the idealized waveforms related to the 
following description of external memory manipula- 
tions. For exact timing specifications please refer to the 
latest data sheet. When an external memory fetch be- 
gins, the address latch enable (ALE) line rises, the ad- 
_ dress is put on ADO-ADI15 and BHE is set to the re- 
quired state. ALE then falls, the address is taken off the 
pins, and the RD (Read) signal goes low. When RD 
falls, external memory should present its data to the 
8096BH. 


READ 


The data from the external memory must be on the bus 
and stable for a minimum of the specified set-up time 
before the rising edge of RD. The rising edge of RD 
latches the information into the 8096BH. If the read is 
for data, the INST pin will be low when the address is 
valid, if it is for an instruction the INST pin will be 
high during this time. The 48-lead part does not have 
the INST pin. The INST pin will be low for the Chip 
Configuration Byte and Interrupt Vector fetches. 


_ WRITE 
Writing to external memory requires timings that are 


similar to those required when reading from it. The 
main difference is that the write (WR) signal is used 


instead of the RD signal. The The timings are the same until 


the falling edge of the WR line. At this point the 
8096BH removes the address and places the data on the 
bus. When the WR line goes high the data should be 
latched to the external memory. In systems which can 
write to byte locations, the ADO and BHE lines must be 
used to decode WR into WRite to Low byte (WRL) 
and WRite to High byte (WRH) signals. INST is al- 
ways low during a write, as instructions cannot be writ- 
ten. The exact timing specifications for memory access- 
es can be found in the data sheet. 


READY 


A ready line is available on the 8096BH to extend the 
width of the RD and WR pulses in order to allow ac- 
cess of slow memories or for DMA purposes. If the 
READY line is low by the specified time after ALE 
falls, the 8096BH will hold the bus lines to their values 
at the falling edge of CLKOUT. When the READY 
line rises the bus cycle will continue with the next fall- 
ing edge of CLKOUT. 
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Since the bus is synchronized to CLKOUT, it can be 
held only for an integral number of state times. If more 
than TYLYH nanoseconds are added the processor will 
act unpredictably. 


There are several set-up and hold times associated with 
the READY signal. If these timings are not met, the 
part may not respond with the proper number of wait 
States. 


For falling edges of READY, sampling is done inter- 
nally on the falling edge of Phase A. Since Phase A 
generates CLKOUT, (after some propagation delay) 
the sample will be taken prior to CLKOUT falling. The 
timing specification for this is given as TLLYV, the 
time between when ALE falls and READY must be 
valid. If READY changes between TLLYV max and 
the falling edge of CLKOUT (TLLYH MIN on 48-lead 
devices) it would be possible to have the READY sig- 
nal transitioning as it is being sampled. 


This situation could cause a metastable condition 
which could make the device operate unpredictably. 


For the rising edge of READY, sampling is done inter- 
nally on the rising edge of Phase A. The rising edge 
logic is fully synchronized, so it is not possible to cause 
a metastable condition once the device is in a valid not- 
ready condition. To cause one wait state to occur the 
rising edge of READY must occur before TLLYH 
MAX after ALE falls. If the signal is brought up after 
this time two wait states may occur. If two wait states 
are desired, READY should be brought high within the 
TLLYH specification + 3 Tosc. Additional wait states 
can be caused by adding additional state times to the 
READY low time. The maximum amount of time that 
a device may be held not-ready is specified as TYLYH. 


The 8096BH has the ability to internally limit the num- 
ber of wait states to 1, 2, or 3 as determined by the 
value in the Chip Configuration Register, (CCR).. Us- 
ing the CCR for ready timing is discussed at the end of 
this section. If a ready limit is set, the TLLYH MAX 
specification is not used. The 8X9X devices do not have 
internal ready control. 


OPERATING MODES 


The 8096BH supports a variety of options to simplify 
memory systems, interfacing requirements and ready 
control. Bus flexibility is provided by allowing selection 
of bus control signal definitions and runtime selection 
of the external bus width. In addition, several ready 
control modes are available to simplify the external 
hardware requirements for accessing slow devices. The 
Chip Configuration Register (CCR) is used to store the 
operating mode information. 


Since there is no CCR on 8X9X devices, they can only be 
configured in the standard mode. This is the mode the 
8096BH will run in if the CCR is loaded with OF FH. 


CHIP CONFIGURATION REGISTER (CCR) 


Configuration information is stored in the Chip Config- 
uration Register (CCR). Four of the bits in the register 
specify the bus control mode and ready control mode. 
Two bits also govern the level of ROM/EPROM pro- 
tection and one bit is NANDed with the BUSWIDTH 
pin every bus cycle to determine the bus size. The CCR 
bit map is shown in Figure 10. The functions associated 
with each bit are described in this section. 


'7]6|5]|4]3|2] 1] 0] CHIP CONFIGURATION REGISTER 


RESERVED (Set to 1 for 
compatibility with future 
parts) 


BUS WIDTH SELECT 
(16=BIT BUS /8— BIT BUS) 


WRITE STROBE MODE SELECT 
(WR AND BHE /WRL AND WRH) 


ADDRESS VALID STROBE SELECT 
(ALE / ADV) 


CONTROL MODE 


(IRCO) enn READY 


(IRC1) 


(LOCO) | procgRAM LOCK 
(Loc1) | MODE 
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Figure 10. Chip Configuration Register 


The CCR is loaded on reset with the Chip Configura- 
tion Byte, located at address 2018H. The CCR register 
is a non-memory mapped location that can only be 
written to during the reset sequence; once it is loaded it 
cannot be changed until the next reset occurs. The 
8096BH will correctly read this location in every bus 
mode. 


If the EA pin is set to a logical 0, the.access to 2018H 
comes from external memory. If EA is a logical 1, the 
access comes from internal ROM/EPROM. If EA is 
+ 12.5V, the CCR is loaded with a byte from a separate 
non-memory-mapped location called PCCB (Program- 
ming CCB). The Programming mode is described in 
Section 10 of the Hardware Design chapter. 


The CCR is not present on 8X9X devices, but the Chip 
Configuration Byte at location 2018H should contain the 
hex value OFFH to provide future compatibility. 8X9X 
devices do not access location 2018H on reset. 


BUS WIDTH 


The 8096BH external bus width can be run-time config- 
ured to operate as a standard 16-bit multiplexed ad- 
dress/data bus, or as an 8051 style 16-bit address/8-bit 
data bus. 


During 16-bit bus cycles, Ports 3 and 4 contain the 
address multiplexed with data using ALE to latch the 
address. In 8-bit bus cycles, Port 3 is multiplexed ad- 
dress/data while Port 4 is address bits 8 through 15. 
The address bits on Port 4 are valid throughout an 8-bit 
bus cycle. Figure 11 shows the two options. 


The bus width can be changed each bus cycle and is 
controlled using bit 1 of the CCR with the BUS- 
WIDTH pin. If either CCR.1 or BUSWIDTH is a 0, 
external accesses will be over a 16-bit address/8-bit 
data bus. If both CCR.1 and BUSWIDTH are 1s, ex- 
ternal accesses will be over a 16-bit address/16-bit data 
bus. Internal accesses are always 16-bits wide. 


The bus width can be changed every external bus cycle 
if a 1 was loaded into CCR bit 1 at reset. If this is the 
case, changing the value of the BUSWIDTH pin at run- 
time will dynamically select the bus width. For exam- 
ple, the user could feed the INST line into the BUS- 
WIDTH pin, thus causing instruction accesses to be 
word wide from EPROMs while data accesses are byte 
wide to and from RAMs. A second example would be 
to place an inverted version of Address bit 15 on the 
BUSWIDTH pin. This would make half of external 
memory word wide, while half is byte wide. 


Since BUSWIDTH is sampled after address decoding 
has had time to occur, even more complex memory 
maps could be constructed. See the timing specifica- 
tions for an exact description of BUSWIDTH timings. 
The bus width will be determined by bit 1 of the CCR 
alone on 48-pin parts since they do not have a BUS- 
WIDTH pin. 


When using an 8-bit bus, some performance degrada- 
tion is to be expected. On the 8096BH, instruction exe- 
cution times with an 8-bit bus will slow down if any of 
three conditions occur. First, word writes to external 
memory will cause the executing instruction to take 
two extra state times to complete. Second, word reads 
from external memory will cause a one state time exten- 
sion of instruction execution time. Finally, if the pre- 
fetch queue is empty when an instruction fetch is re- 
quested, instruction execution is lengthened by one 
state time for each byte that must be externally ac- 
quired (worst case is the number of bytes in the instruc- 
tion minus one.) 
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BUS CONTROL 


8X9XBH 


16=BiT 
~ MULTIPLEXED 
ADDRESS/DATA 
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16-Bit Bus 


BUS CONTROL 


8X9XBH 


8=BIT 
LATCHED 
ADDRESS HIGH 


8=-BIT 
MULTIPLEXED 
ADDRESS LOW/DATA 


270250-10 
8-Bit Bus 


Figure 11. Bus Width Options 


~BUS CONTROL 


Using the CCR, the 8096BH can be made to provide 
bus control signals of several types. Three control lines 
have dual functions designed to reduce external hard- 
ware. Bits 2 and 3 of the CCR specify the functions 
performed by these control lines. Figures 12-15 show 
the signals which can be modified by changing bits in 
the CCR, all other lines will operate as shown in Figure 9. 


_ ADDR DATA OUT 
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16-Bit Bus Cycle 


Standard Bus Control 


If CCR bits 2 and 3 are 1s, then the standard 8096BH 
control signals WR, BHE and ALE are provided (Fig- 
ure 12). WR will come out for every write. BHE will be 
valid throughout the bus cycle and can be combined 
with WR and address line 0 to form WRL and WRH. 
ALE will rise as the address starts to come out, and will 
fall to provide the signal to externally latch the address. 
The control signals on 8X9X devices are similar, but not 
identical to those shown here. Figure 9 shows the 8X9X 
timings. 


ADDR LOW DATA OUT 
AD8 -15 ADDRESS HIGH 


270250-12 
8-Bit Bus Cycle 


Figure 12. Standard Bus Control 
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Write Strobe Mode 


The Write Strobe Mode eliminates the necessity to ex- 
ternally decode for odd or even byte writes. If CCR bit 
2 is a O, and the bus is in a 16-bit cycle, WRL and 
WRH signals are provided in place of WR and BHE 
(Figure 13). WRL will go low for all byte writes to an 
even address and all word writes. WRH will go low for 
all byte writes to an odd address and all word writes. 


WRL is provided for all 8-bit bus write cycles. 


ADO -15 


ADDR DATA OUT 


270250-13 
16-Bit Bus Cycle 


Address Valid Strobe Mode 


If CCR bit 3 is a 0, then an Address Valid strobe is 
provided in the place of ALE (Figure 14). When the 
address valid mode is selected, ADV will go low after 
an external address is set up. It will stay low until the 
end of the bus cycle, where it will go inactive high. This 
can be used to provide a chip select for external memory. 


ADO =7 


ADDR LOW DATA OUT 


“ADB =15 ADDRESS HIGH 
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8-Bit Bus Cycle 


Figure 13. Write Strobe Mode 


ADO =15 


ADDR DATA OUT 


270250-15 
16-Bit Bus Cycle 


ADDR LOW] DATA OUT 


AD8 = 15 ADDRESS OUT HIGH 


270250-16 
8-Bit Bus Cycle 


Figure 14. Address Valid Strobe Mode 
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ADDR DATA OUT 
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16-Bit Bus Cycle 


ADO -7 


ADDR LOW DATA OUT 


AD8 =15 ADDRESS HIGH 


, 270250-18 
8-Bit Bus Cycle 


Figure 15. Write Strobe with Address Valid Strobe 


Address Valid with Write Strobe 


If both CCR bits 2 and 3 are 0s, both the Address Valid 
strobe and the Write Strobes will be provided for bus 
control. Figure 15 shows these signals. 


READY CONTROL 


To simplify ready control, four modes of internal ready 
control logic have been provided. The modes are cho- 
sen by properly configuring bits 4 and 5 of the CCR. 


The internal ready control logic can be used to limit the 


number of wait states that slow devices can insert into 
the bus cycle. When the READY pin is pulled low, 
wait states will be inserted into the bus cycle until the 
READY pin goes high, or the number of wait states 
equals the number specified by CCR bits 4 and 5, 
whichever comes first. Table 1 shows the number of 
wait states that can be selected. Internal Ready control 
can be disabled by loading 11 into bits 4 and 5 of the 
CCR. 


Table 1. Internal Ready Control 


IRC1 IRCO Description 


Limit to 1 Wait State 


Limit to 2 Wait States 
Limit to 3 Wait States 
Disable Internal Ready Control 


This feature provides for simple ready control. For ex- 
ample, every slow memory chip select line could be 
ORed together and be connected to the READY pin 
with CCR bits 4 and 5 programmed to give the desired 
number of wait states to the slow devices. 


ROM/EPROM LOCK 


Four modes of program memory lock are available on 
the 839XBH and 879XBH parts. CCR bits 6 and 7 
(LOCO, LOC1) select whether internal program memo- 
ry can be read (or written in EPROM parts) by a pro- 
gram executing from external memory. The modes are 
shown in Table 2. Internal ROM/EPROM addresses 
2020H through 3FFFH are protected from reads while 
2000H through 3FFFH are protected from writes, as 
set by the CCR. 


Table 2. Program Lock Modes 


LOC1 LOCO Protection 


Read and Write Protected 


Read Protected 
Write Protected 
No Protection 


Only code executing from internal memory can read 
protected internal memory, while a write protected 
memory can not be written to, even from internal exe- 
cution. As a result of 8096BH prefetching of instruc- 
tions, however, accesses to protected memory are not 
allowed for instructions located above 3FFAH. This is 
because the lock protection mechanism is gated off of 
the Memory Controller’s slave program counter and 
not the CPU program counter. If the bus controller 
receives a request to perform a read of protected memo- 
ry, the read sequence occurs with indeterminate data 


_ being returned to the CPU. Note that the interrupt vec- 


tors and the CCR are not protected. 


To provide verification and testing when the program 
lock feature is enabled, the 839XBH and 879XBH veri- 
fy the security key before programming or test modes 
are allowed to read from protected memory. Before 
protected memory can be read, the chip reads external 
memory locations 4020H through 402FH and com- 
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pares the values found to the internal security key lo- 
cated from 2020H through 202FH. Only when the val- 
ues exactly match will accesses to protected memory be 
allowed. The details of ROM/EPROM accessing are 
discussed in Section 10 of the Hardware Design chap- 
ter. 


3.0 SOFTWARE OVERVIEW 


This section provides information on writing programs 
to execute in the 8096BH. Additional information can 
be found in the following documents: 


MCS®-96 MACRO ASSEMBLER USER’S GUIDE 
Order Number 122048 (Intel Systems) 
Order Number 122351 (DOS Systems) 


MCS®-96 UTILITIES USER’S GUIDE 
Order Number 122049 (Intel Systems) 
Order Number 122356 (DOS Systems) 


PL/M-96 USER’S GUIDE 
Order Number 122134 (Intel Systems) 
Order Number 122361 (DOS Systems) 


Throughout this section, short sections of code are used 
to illustrate the operation of the device. For these sec- 
tions it has been assumed that a set of temporary regis- 
ters have been predeclared. The names of these registers 
have been chosen as follows: 


AX, BX, CX, and DX are 16-bit registers. 

AL is the low byte of AX, AH is the high byte. 
BL is the low byte of BX 

CL is the low byte of CX 

DL is the low byte of DX 


These are the same as the names for the general data 
registers used in the 8086BH. It is important to note, 
however, that in the 8096, these are not dedicated regis- 
ters but merely the symbolic names assigned by the 
programmer to an eight byte region within the onboard 
register file. 


3.1 Operand Types 


The MCS®-96 architecture provides support for a vari- 
ety of data types which are likely to be useful in a con- 
trol application. In the discussion of these operand 
types that follows, the names adopted by the PLM-96 
programming language will be used where appropriate. 
To avoid confusion, the name of an operand type will 
be capitalized. A “BYTE” is an unsigned eight bit vari- 
able; a “‘byte”’ is an eight bit unit of data of any type. 


BYTES 


BYTES are unsigned 8-bit variables which can take on 
the values between 0 and 255. Arithmetic and relational 


operators can be applied to BYTE operands but the 
result must be interpreted in modulo 256 arithmetic. 
Logical operations on BYTES are applied bitwise. Bits 
within BYTES are labeled from 0 to 7, with 0 being the 
least significant bit. There are no alignment restrictions 
for BYTES, so they may be placed anywhere in the 
MCS-96 address space. 


WORDS 


WORDS are unsigned 16-bit variables which can take 
on the values between 0 and 65535. Arithmetic and 
relational operators can be applied to WORD operands 
but the result must be interpreted modulo 65536. Logi- 
cal operations on WORDS are applied bitwise. Bits 
within words are labeled from 0 to 15 with 0 being the 
least significant bit. WORDS must be aligned at even 
byte boundaries in the MCS-96 address space. The least 
significant byte of the WORD is in the even byte ad- 
dress and the most significant byte is in the next higher 
(odd) address. The address of a word is the address of 
its least significant byte. Word operations to odd ad- 
dresses are not guaranteed to operate in a consistent 
manner. 


SHORT-INTEGERS 


SHORT-INTEGERS are 8-bit signed variables which 
can take on the values between —128 and + 127. 
Arithmetic operations which generate results outside of 
the range of a SHORT-INTEGER will set the overflow | 
indicators in the program status word. The actual nu- 
meric result returned will be the same as the equivalent 
operation on BYTE variables. There are no alignment 
restrictions on SHORT-INTEGERS so they may be 
placed anywhere in the MCS-96 address space. 


INTEGERS 


INTEGERS are 16-bit signed variables which can take 
on the values between — 32,768 and 32,767. Arithmetic 
operations which generate results outside of the range 
of an INTEGER will set the overflow indicators in the 
program status word. The actual numeric result re- 
turned will be the same as the equivalent operation on 
WORD variables. INTEGERS conform to the same 
alignment and addressing rules as do WORDS. 


BITS 


BITS are single-bit operands which can take on the 
Boolean values of true and false. In addition to the nor- 
mal support for bits as components of BYTE and 
WORD operands, the 8096 provides for the direct test- 
ing of any bit in the internal register file. The MCS-96 
architecture requires that bits be addressed as compo- 
nents of BYTES or WORDS, it does not support the 
direct addressing of bits that can occur in the MCS-51 
architecture. | 
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DOUBLE-WORDS 


DOUBLE-WORDS are unsigned 32-bit variables 
which can take on the values between 0 and 
4,294,967,295. The MCS-96 architecture provides di- 
rect support for this operand type only for shifts and as 
the dividend in a 32 by 16 divide and the product of a 
16 by 16 multiply. For these operations a DOUBLE- 
WORD variable must reside in the on-board register 
file of the 8096 and be aligned at an address which is 
evenly divisible by 4. A DOUBLE-WORD operand is 
addressed by the address of its least significant byte. 
DOUBLE-WORD operations which are not directly 
supported can be easily implemented with two WORD 
operations. For consistency with Intel provided soft- 
ware the user should adopt the conventions for address- 
ing DOUBLE-WORD operands which are discussed in 
Section 3.5. 


3.2 Operand Addressing 


Operands are accessed within the address space of the 
8096 with one of six basic addressing modes. Some of 
the details of how these addressing modes work are 
hidden by the assembly language. If the programmer is 
to take full advantage of the architecture, it is impor- 
tant that these details be understood. This section will 
describe the addressing modes as they are handled by 


_ the hardware. At the end of this section the addressing 


REGISTER-DIRECT REFERENCES 


The register-direct mode is used to directly access a 


register from the 256 byte on-board register file. The 
register is selected by an 8-bit field within the instruc- 
tion and register address and must conform to the 


Examples 
AX, BX, CX 


MUL AX, BX 
INCB CL 


INDIRECT REFERENCES 


The indirect mode is used to access an operand by plac- 
ing its address in a WORD variable in the register file. 
The calculated address must conform to the alignment 
rules for the operand type. Note that the indirect ad- 
dress can refer to an operand anywhere within the ad- 
dress space of the 8096, including the register file. The 


Examples 
* aD AX, [AX] 


ADDB AL,BL, [CX] 
POP [AX] 
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LONG-INTEGERS 


‘LONG-INTEGERS are 32-bit signed variables which 


can take on the values between —2,147,483,648 and 
2,147,483,647. The MCS-96 architecture provides di- 
rect support for this data type only for shifts and as the 
dividend in a 32 by 16 divide and the product of a 16 by 
16 multiply. 


LONG-INTEGERS can also be normalized. For these 
operations a LONG-INTEGER variable must reside in 
the onboard register file of the 8096 and be aligned at 
an address which is evenly divisible by 4. A LONG-IN- 
TEGER is addressed by the address of its least signifi- 
cant byte. 


LONG-INTEGER operations which are not directly 
supported can be easily implemented with two INTE- 
GER operations. For consistency with Intel provided | 
software, the user should adopt the conventions for ad- 
dressing LONG operands which are discussed in Sec- 
tion 3.5. 


modes will be described as they are seen through the 
assembly language. The six basic address modes which 
will be described are termed register-direct, indirect, in- 
direct with auto-increment, immediate, short-indexed, 
and long-indexed. Several other useful addressing oper- 
ations can be achieved by combining these basic ad- 
dressing modes with specific registers such as the 
ZERO register or the stack pointer. 


alignment rules for the operand type. Depending on the 
instruction, up to three registers can take part in the 
calculation. 


AX s=BX+ CX 


* CL3:=CL+l 


register which contains the indirect address is selected 
by an eight bit field within the instruction. An instruc- 
tion can contain only one indirect reference and the 
remaining operands of the instruction (if any) must be 
register-direct references. 


AX s=MEM_WORD (AX) 
3=BL+MEM_BYTE (CX) 
- MEM_WORD (AX) s=MEM_WORD (SP) ; SP:=SP+2 
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INDIRECT WITH AUTO-INCREMENT REFERENCES 


This addressing mode is the same as the indirect mode 
except that the WORD variable which contains the in- 
direct address is incremented after it is used to address 
the operand. If the instruction operates on BYTES or 


Examples 
LD AX, [BX]+ 
ADDB AL,BL,[CX]+ 
PUSH [AX]+ 


we we we we we 


IMMEDIATE REFERENCES 


This addressing mode allows an operand to be taken 
directly from a field in the instruction. For operations 
on BYTE or SHORT-INTEGER operands this field is 
eight bits wide, for operations on WORD or INTE- 


Examples 


ADD AX,#540 ; AX:=AX+340 


PUSH #1234H ; SP:=SP-2; MEM_WORD(SP) := 
; AL:=AX/10; AH:=AX MOD 10 


DIVB AX,#10 


SHORT-INDEXED REFERENCES ~ 


In this addressing mode an eight bit field in the instruc- 
tion selects a WORD variable in the register file which 
is assumed to contain an address. A second eight bit 
field in the instruction stream is sign-extended and 
summed with the WORD variable to form the address 
of the operand which will take part in the calculation. 


Examples 
LD AX, 12[BX] ; 
MULB:- AX, BL; S[CX]° s AXs= 


LONG-INDEXED REFERENCES 


This addressing mode is like the short-indexed mode 
except that a 16-bit field is taken from the instruction 
and added to the WORD variable to form the address 
of the operand. No sign extension is necessary. An in- 


Examples 
AND AX,BX,TABLE[CX] 


ST AX,TABLE[BX] 
ADDB AL,BL,LOOKUP[CX] 


SHORT-INTEGERS the indirect address variable will 


' be incremented by one, if the instruction operates on 


WORDS or INTEGERS the indirect address variable 
will be incremented wie two. 


AX s=MEM_WORD (BX) ; BX :=BX+2 
AL :=BL+MEM_BYTE (CX) ; CX:=CX+1 
SP :=SP-2; 
MEM_ WORD (SP) 3=MEM_WORD (AX) 
AX s=AX+2 


GER operands the field is 16 bits wide. An instruction 
can contain only one immediate reference and the re- 
maining operand(s) must be register-direct references. 


1234H 


Since the eight bit field is sign-extended, the effective 
address can be up to 128 bytes before the address in the 
WORD variable and up to 127 bytes after. it. An in- 
struction can contain only one short-indexed reference 
and the remaining operand(s) must be register-direct 
references, 


AX ;=MEM_WORD ( BX+12) 
L*MEM_BYTE (CX+3) 


struction can contain only one long-indexed reference 
and the remaining operand(s) must be register-direct 
references. 


: AX:=BX AND MEM_WORD(TABLE+CX) 
: MEM_WORD ( TABLE+BX) :=AX | 
AL :=BL+MEM_BYTE (LOOKUP+CX) 
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_ Indexed Addressing. The assembly language will 


choose between short and long indexing depending on 
the value of the index expression. If the value can be 
expressed in eight bits then short indexing will be used, 


if it cannot be expressed in eight bits then long indexing 
- will be used. 


aoe ae ee * pr Se 2 ; ; Sg eas fe 2 om, ee 
Mea | “Mcse-26 ARCHITECTURAL OVERVIEW 
ZERO REGISTER ADDRESSING 
The first two bytes in the register file are fixed at zero able in a long-indexed reference. This combination of 
by the 8096 hardware. In addition to providing a fixed register selection and address mode allows any location 
source of the constant zero for calculations and com- in memory to be addressed directly. 
parisons, this register can be used as the WORD vari- 
Examples 
ADD AX,1234[0] AX :=AX+MEM_WORD (1234) 
POP 5678[0] MEM_WORD (5678) :=MEM_WORD ( SP) 
SP :=SP+2 
STACK POINTER REGISTER ADDRESSING 
The system stack pointer in the 8096 can be accessed as accessed by using the stack pointer as the WORD vari- 
register 18H of the internal register file. In addition to able in an indirect reference. In a similar fashion, the 
providing for convenient manipulation of the stack stack pointer can be used in the short-indexed mode to 
pointer, this also facilitates the accessing of operands in access data within the stack. 
the stack. The top of the stack, for example, can be 
Examples 
PUSH [SP] ; DUPLICATE TOP_OF.STACK 
; LD AX,2[SP] ; AX:=NEXT_TO_TOP 
se ele 
Gary. ASSEMBLY LANGUAGE ADDRESSING MODES 
The 8096 assembly language simplifies the choice of The use of these features of the.assembly language sim- 
addressing modes to be used in several respects: plifies. the programming task and should be used wher- 
‘ ever possible. 
Direct Addressing. The assembly language will choose 
between register-direct addressing and long-indexed 1 
with the ZERO register depending on where the oper- 3.3 Program Status Word 
and is in memory. The user can simply refer to an oper- 
and by its symbolic name; if the operand is in the regis- The program status word (PSW) is a collection of Bool- 
: ter file, a register-direct reference will be used, if the ean flags which retain information concerning the state 
operand is elsewhere in memory, a long-indexed refer- of the user’s program. The format of the PSW is shown 
ence will be generated. in Figure 16. The information in the PSW can be bro- 
ken down into two basic categories; interrupt control 


and condition flags. The PSW can be saved in the sys- 
tem stack with a single operation (PUSHF) and re- 
stored in a like manner (POPF). 


Pete lvlebetspe tar] "2 vmnctinataage 


Figure 16. PSW Register 
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INTERRUPT FLAGS 


The lower eight bits of the PSW are used to individual- 
ly mask the various sources of interrupt to the 8096. A 
logical ‘1’ in these bit positions enables the servicing of 
the corresponding interrupt. These mask bits can be 
accessed as an eight bit byte (INT_MASK—address 
8) in the on-board register file. Bit 9 in the PSW is the 
global interrupt disable. If this bit is cleared then all 
interrupts will be locked out except for the Non Maska- 
ble Interrupt (NMI). Note that the various interrupts 
are collected in the INT_.PENDING register even if 
they are locked out. Execution of the corresponding 
service routines will procede according to their priority 
when they become enabled. Further information on the 
interrupt structure of the 8096 can be found in Section 4. 


CONDITION FLAGS 


The remaining bits in the PSW are set as side effects of 
instruction execution and can be tested by the condi- 
tional jump instructions. 


Z. The Z (Zero) flag is set to indicate that the operation 
generated a result equal to zero. For the add-with-carry 
(ADDC) and subtract-with-borrow (SUBC) operations 
the Z flag is cleared if the result is non-zero but is never 
set. These two instructions are normally used in con- 
junction with the ADD and SUB instructions to per- 
form multiple precision arithmetic. The operation of 
the Z flag for these instructions leaves it indicating the 
proper result for the entire multiple precision calcula- 
tion. 


N. The N (Negative) flag is set to indicate that the 
operation generated a negative result. Note that the N 
flag will be set to the algebraically correct state even if 
the calculation overflows. When the NEGB instruction 
is performed on a byte register containing 80H, or the 
NEG instruction is performed on a word register con- 
taining 8000H, the N flag is set. 


V. The V (overflow) flag is set to indicate that the oper- 
ation generated a result which is outside the range that 
can be expressed in the destination data type. For the 
SHL, SHLB and SHLL instructions, the V flag will be 
set if the most significant bit of the operand changes at 
any time during the shift. 


VT. The VT (oVerflow Trap) flag is set whenever the V 
flag is set but can only be cleared by an instruction 
which explicitly operates on it such as the CLRVT or 
JVT instructions. The operation of the VT flag allows 
for the testing for a possible overflow condition at the 
end of a sequence of related arithmetic operations. This 


is normally more efficient than testing the V flag after 
each instruction. 


C. The C (Carry) flag is set to indicate the state of the 
arithmetic carry from the most significant bit of the 
ALU for an arithmetic operation or the state of the last 
bit shifted out of the operand for a shift. Arithmetic 
Borrow after a subtract operation is the complement of 
the C flag (i.e. if the operation generated a borrow then 
C = 0). 


ST. The ST (STicky bit) flag is set to indicate that dur- 
ing a right shift a 1 has been shifted first into the C flag 
and then been shifted out. The ST flag is undefined 
after a multiply operation. The ST flag can be used 
along with the C flag to control rounding after a right 
shift. Consider multiplying two eight bit quantities and 
then scaling the result down to 12 bits: 


MULUB AX,CL,DL 
SHR AX, #4 


3sAX s=CL*DL 
;Shift right 4 places 


If the C flag is set after the shift, it indicates that the 
bits shifted off the end of the operand were greater-than 
or equal-to one half the least significant bit (LSB) of the 
result. If the C flag is clear after the shift, it indicates 
that the bits shifted off the end of the operand were less 
than half the LSB of the result. Without the ST flag, 
the rounding decision must be made on the basis of this 
information alone. (Normally the result would be 
rounded up if the C flag is set.) The ST flag allows a 
finer resolution in the rounding decision: 


Value of the Bits Shifted Off 
[300 abo MAGS Oo Sanaa 


0 < Value < ¥% LSB 


Value = Ye LSB 
Value > Ye LSB 


Figure 17. Rounding Alternatives 


Imprecise rounding can be a major source of error in a 
numerical calculation; use of the ST flag improves the 
options available to the programmer. 


3.4 Instruction Set 


The MCS-96 instruction set contains a full set of arith- 
metic and logical operations for the 8-bit data types 
BYTE and SHORT INTEGER and for the 16-bit data 
types WORD and INTEGER. The DOUBLE-WORD 
and LONG data types (32 bits) are supported for the 
products of 16 by 16 multiplies and the dividends of 32 
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Pate 


by 16 divides and for shift operations. The remaining 
operations on 32-bit variables can be implemented by 
combinations of 16-bit operations. As an example the 
sequence: 


ADD AX, CX 
-ADDC  BX,DX 


performs a 32-bit addition, and the sequence 


SUB AX, CX 
_SUBC BX,DX 


performs a 32-bit subtraction. Operations on REAL 
(i.e. floating point) variables are not supported directly 
by the hardware but are supported by the floating point 
library for the 8096 (FPAL-96) which implements a 
single precision subset of the proposed IEEE standard 
for floating point operations. The performance of this 
software is significantly improved by the 8096 
NORML instruction which normalizes a 32-bit vari- 
able and by the existence of the ST flag in the PSW. 


In addition to the operations on the various data types, 
the 8096 supports conversions between these types. 
LDBZE (load byte zero extended) converts a BYTE to 


“ee ARCHITECTURAL OVERVIEW 3 


a WORD and LDBSE (load byte sign extended) con- 
verts -a SHORT-INTEGER into an INTEGER. 
WORDS can be converted to DOUBLE-WORDS by 
simply clearing the upper WORD of the DOUBLE- 
WORD (CLR) and INTEGERS can be converted to 


. LONGS with the EXT (sign extend) instruction. 


The MCS-96 instructions for addition, subtraction, and 
comparison do not distinguish between unsigned words 
and signed integers. Conditional jumps are provided to 
allow the user to treat the results of these operations as 
either signed or unsigned quantities. As an example, the 
CMPB (compare byte) instruction is used to compare 
both signed and unsigned eight bit quantities. A JH 
(jump if higher) could be used following the compare if 
unsigned operands were involved or a JGT (jump if 
greater-than) if signed operands were involved. 


Table 3 summarizes the operation of each of the in- 
structions. Complete descriptions of each instruction 
and its timings can be found in the Instruction Set 
chapter. A summary of instruction opcodes and timing 
is included in the quick reference section at the end of 
this chapter. Examples of using the instruction set of 
the MCS-96 family can be found in Application Note 
AP-248, “Using the 8096”, included in this handbook. 


17-19 


Table 3. Instruction Summary 


ABOUADDR 35 [2 sD eA ee | | APACE ALS 
PADDAADDB 0] Gin Rhee IRR A BCS | ot |e | oe | oe | ee) 
pappoyapnca | 2 | De Dtat+G CU ey ee 
PSuBeUES. | 2 eR ee | ee ee 
TT Sa A A Et ele ee PR a if 
PSUBGISUROB <[iv2. Doerr AbGTA i | be ee ae 
MOMR/OMPB?: [02s epamnii st aie) | ee Tee Fo ae 
BE SUE a MS WBS J ded A UI Reel Atel Pe Bet See SS 
SMULABUCD Sg DO BSA ee ee 
PMULB/MULUB | 2.1) OVD. d ten OTA bee Remedi ah Pi ah aoe 
| MULB/MULUB | 28} 9DyDiet AB RAS iy! ai vaseline eae ah 
POMU | 2 4 D+ OAD + 2 < remainder Pa Ca] io ope eee ae 
poe | 2 | DOD + 1/AD+1 + remainder | —|—|—-|¥| tT|—| 3 
POV, | 2 + BVAD.4+ 2  < remainder «| — | Le, LB ae bee 
PDIVE | 2) | De (0D 41/A,D +1 — remainder [im fi = bead Qdots [eae a 
LANDY NDE: 2] 2. 2/cohoprentibend Am) 02i tc ur | oe fe [0s og) | | [a 
EAND AND | 3] °85!"[ 0 eB eather Oe ee eee 


SOR/ORB 2 2 Dag DOA ys ee Ll eae 
_XOR/KORB | 2 [Os OfemofA tw Lf oO | 
Ca GSS fee Ne ee 
Evra eS a ee See 
Pe a ee ee eee a ee 
OS BE ee as Bee Ree 
SPUSH "pt | BP es OF 8 bys A | Se SS 
PRO ome G PGR ee SP ae Fe ee ee 

odie i | 7" ‘oak ee 

PSW < 0000H LD 

[POPF | 0 | PEW e~ GPR SP <P ie tw le | le | ee 
LewMP | P e PO sitet ee | ee 
a eee 


painted) | ft | OMIA ee ee 

SCALL SP < SP — 2; (SP) < PC; 
PC < PC + 11-bit offset 

LCALL SP < SP — 2; (SP) < PC; 
PC <— PC + 16-bit offset 


5 aa ST eo ae BES se die ee 


fo Re Ee 
fee Bae Pee Eee 
Cae Be OO eee 


dE ptizat oC I | I = | 
NOTES: 7 
1. If the mnemonic ends in “B”’, a byte operation is performed, otherwise a word operation is done. Operands D, B, and A 
must conform to the alignment rules for the required operand type. D and B are locations in the register file; A can be 
located anywhere in memory. 

2.D, D + 2 are consecutive WORDS in memory; D is DOUBLE-WORD aligned. 

3.D, D + 1 are consecutive BYTES in memory; D is WORD aligned. 

4. Changes a byte to a word. 

5. Offset is a 2’s complement number. 
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Table 3. Instruction Summary (Continued) 


oe RE[ emer rel 


| ot a a ES ea 
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JGT | 1 | JumpitN = OandZ = 0 p= |~[—-f-T-{-] 5 
MM otc. | dumatN=1.o12 = 1 p—|—|—[-[—T-7 5" 
aa Pe a aS ee eS ee 
Jump ifC = OorzZ = 1 peo p= |=-f=—f—|-] 5] 
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PIN i umpitv=0 8 eee pe pee 
ees ct ys hot | dH VT me hem ee | 0 
abimivic coho at 3 0+ Aw] dump VT Op Gear VT on. oh bef be Oe Bl 
er | lumps 1 gottauit sl ied eof ef Sef eh asl ge 
I RT LA ed Se as Re Meet SS MESS eos eats. ied 
eS_|_s_| dump Species) _1 =} =} =} be 
upc CC‘: 3: umpif Specific Bit=0 
Pee freee vote” ae 
PC <— PC + 8-bit offset 
MMe Oe) 8 ee ed ote ee 
MEGS. Sh D0 sated en tor |e bobs) etiho-coun 
Panerai. ae Det ot ag Hamil fine pic SP ee at 
Mee | A 1D DD 2 ee Son Op pe | eho fF) ee) 
Mii, | of de dD DD dete Siem Le et 8 To Te a 
NOT/NOTB oS ee ere ee ee ee 
CLR/CLRB pA 9 PDP een eee ein pried Sb Ole Bed othe bee ou eal 
PSHL/SHLB/SHLL | 2 | CG — mb —-————m 0 fel ee le PtP 
| SHR/SHRB/SHRL___|_2__‘| 0 > msb—-—~~~— rr re ee AM Ok ics Ls Meal tlle A 
| SHRA/SHRAB/SHRAL | __2__|_msb —> msb————— labia Ode ee et rd 
ye ib Ow Ogee tek de Pet eH ee 
CS ES a ee 
© SRE RE Ee See Ge Seed Peet ea ee ee Oe 
= SSSR GR a ea OT Th a a Sea 
Or Lo" | Disable An interrupted <—'Q) = 
ee. Le Or Enea ae emote tL ee 
| Oy PO PO A ee es oll die er [ee le 
ee eee eee 
|NORML | 2 | Left shift till msb = 1;D < shiftcount | ~ | ? | 0 | — | — 


TRAP SP <=‘ SP — 2: (SP) <— FC" 
PC <— (2010H) 


NOTES: 

1. If the mnemonic ends in ‘‘B”, a byte operation is performed, otherwise a word operation is done. Operands D, B and A 
must conform to the alignment rules for the required operand type. D and B are locations in the register file; A can be 
located anywhere in memory. 

5. Offset is a 2’s complement number. 

6. Specified bit is one of the 2048 bits in the register file. 

7. The “‘L” (Long) suffix indicates double-word operation. 

8. Initiates a Reset by pulling RESET low. Software should re-initialize all the necessary registers with code starting at 
2080H. 

9. The assembler will not accept this mnemonic. 
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3.5 Software Standards and 
Conventions 


For a software project of any size it is a good idea to 
modularize the program and to establish standards 
which control the communication between these mod- 
ules. The nature of these standards will vary with the 
needs of the final application. A common component of 
all of these standards, however, must be the mechanism 
for passing parameters to procedures and returning re- 
sults from procedures. In the absence of some overrid- 
ing consideration which prevents their use, it is suggest- 
ed that the user conform to the conventions adopted by 
the PLM-96 programming language for procedure link- 
age. It is a very usable standard for both the assembly 
language and PLM-96 environment and it offers com- 
patibility between these environments. Another advan- 
tage is that it allows the user access to the same floating 
point arithmetics library that PLM-96 uses to operate 
on REAL variables. 


REGISTER UTILIZATION 


The MCS-96 architecture provides a 256 byte register 
file. Some of these registers are used to control register- 
mapped I/O devices and for other special functions 
such as the ZERO register and the stack pointer. The 
remaining bytes in the register file, some 230 of them, 
are available for allocation by the programmer. If these 
registers are to be used effectively, some overall strategy 
for their allocation must be adopted. PLM-96 adopts 
the simple and effective strategy of allocating the eight 
bytes between addresses 1CH and 23H as temporary 
storage. The starting address of this region is called 
PLMREG. The remaining area in the register file is 
treated as a segment of memory which is allocated as 
required. 


ADDRESSING 32-BIT OPERANDS 


These operands are formed from two adjacent 16-bit 
words in memory. The least significant word of the 
double word is always in lower address, even when the 
data is in the stack (which means that the most sig- 
nificant word must be pushed into the stack first). A 
double word is addressed by the address of its least 
significant byte. Note that the hardware supports some 
operations on double words (e.g. normalize and divide). 
For these operations the double word must be in the 
internal register file and must have an address which is 
evenly divisible by four. 


SUBROUTINE LINKAGE 


Parameters are passed to subroutines in the stack. Pa- 
rameters are pushed into the stack in the order that 
they are encountered in the scanning of the source text. 
Eight-bit parameters (BYTES or SHORT-INTE- 
GERS) are pushed into the stack with the high order 


byte undefined. Thirty-two bit parameters (LONG- 
INTEGERS, DOUBLE-WORDS, and REALS) are 
pushed into the stack as two 16-bit values; the most 
significant half of the parameter is pushed into the 
stack first. 


As an example, consider the following PLM-96 proce- 
dure: | 


- example__procedure: PROCEDURE 


(param 1,param2,param3); 
DECLARE param! BYTE, 
param2 DWORD, 
param3 WORD; 


When this procedure is entered at run time the stack 
will contain the parameters in the following order: 


22222? : param 
high word of param2 


low word of param2 
<— Stack_pointer 


Figure 18. Stack Image 


If a procedure returns a value to the calling code (as 


opposed to modifying more global variables) then the 
result is returned in the variable PLMREG. PLMREG 
is viewed as either an 8-, 16- or 32-bit variable depend- 
ing on the type of the procedure. 


The standard calling convention adopted by PLM-96 
has several key features: 


a) Procedures can always assume that the eight bytes of 
register file memory starting at PLMREG can be 
used as temporaries within the body of the proce- 
dure. 


b) Code which calls a procedure must assume that the 
eight bytes of register file memory starting at 
PLMREG are modified by the procedure. 


c) The Program Status Word (PSW—see Section 3.3) is 


not saved and restored by procedures so the calling _ 


code must assume that the condition flags (Z, N, V, 
VT, C, and ST) are modified by the procedure. 


d) Function results from procedures are always re- 
turned in the variable PLMREG. 


PLM-96 allows the definition of INTERRUPT proce- 
dures which are executed when a. predefined interrupt 
occurs. These procedures do not conform to the rules of 
a normal procedure. Parameters cannot be passed to 
these procedures and they cannot return results. Since 
they can execute essentially at any time (hence the term 


- interrupt), these procedures must save the PSW and 


PLMREG when they are entered and restore these val- 
ues before they exit. 
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4.0 INTERRUPT STRUCTURE 


There are 21 sources of interrupts on the 8096BH. 
These sources are gathered into 8 interrupt types as 
indicated in Figure 19. The I/O control registers which 
control some of the sources are indicated in the figure. 
Each of the eight types of interrupts has its own inter- 
rupt vector as listed in Figure 20. In addition to the 8 
standard interrupts, there is a TRAP instruction which 
acts as a software generated interrupt. This instruction 
is not currently supported by the MCS-96 Assembler 
and is reserved for use in Intel development systems. 


The programmer must initialize the interrupt vector ta- 
ble with the starting address of the appropriate inter- 
rupt service routine. It is suggested that any unused 
interrupts be vectored to an error handling routine. The 
error routine should contain recovery code that will not 
further corrupt an already erroneous situation. In a de- 
bug environment, it may be desirable to have the rou- 
tine lock into a jump to self loop which would be easily 
traceable with emulation tools. More sophisticated rou- 
tines may be appropriate for production code recover- 
ies. 


Three registers control the operation of the interrupt 
system: Interrupt Pending, Interrupt Mask, and the 


PSW which contains a global disable bit. A block dia- 
gram of the system is shown in Figure 21. The tran- 
sition detector looks for 0 to 1 transitions on any of the 
sources. External sources have a maximum transition 
speed of one edge every state time. If this is exceeded 
the interrupt may not be detected. 


| Vector Location | Location 
(High | (Low 
Byte) | Byte) 


Not Applicable 
7 (Highest) 
6 


Software 
Extint 
Serial Port 


INTERRUPT 


BT a | os Mahinda SERIAL PORT 


r--- HSO_COMMAND.4 


SOFTWARE TIMER 0 
SOFTWARE TIMER 1 
SOFTWARE TIMER 2 
SOFTWARE TIMER 3 
RESET TIMER 2° 

START A/D CONVERSION* 


SOFTWARE TIMER 


r--- HSQ_COMMAND.4 


ANY HSO OPERATION ——-O 


HIGH SPEED OUTPUTS 


=-=- 1001.7 
FIFO IS FULL -—-—a, 
HS! DATA AVAILABLE 


HOLDING REGISTER LOADED —————o 


A/D CONVERSION COMPLETE 


TIMER1 OVERFLOW —————o 
TIMER2 OVERFLOW ———-O 


A/D CONVERSION COMPLETE 


TIMER OVERFLOW 


Lier. 


NOTE: 
*Only when initiated by the HSO unit. 
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Figure 19. All Possible Interrupt Sources 
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4.1 Interrupt Control 


interrupt Pending Register 


When the hardware detects one of the eight interrupts 


it sets the corresponding bit in the pending interrupt 
register (INT_.PENDING-09H). When the interrupt 
vector is taken, the pending bit is cleared. This register, 
the format of which is shown in Figure 22, can be read 
or modified as a byte register. It can be read to deter- 
mine which of the interrupts are pending at any given 
time or modified to either clear pending interrupts or 
generate interrupts under software control. Any soft- 
ware which modifies the INT_.PENDING register 
should ensure that the entire operation is indivisible. 
The easiest way to do this is to use the logical instruc- 
tions in the two or three operand format, for example: 


ANDB INT_PENDING,#11111101B 

; Clears the A/D Interrupt 
INT_PENDING,#00000010B 

; Sets the A/D Interrupt 


ORB 


Caution must be used when writing to the pending reg- 


ister to clear interrupts. If the interrupt has already 


been acknowledged when the bit is cleared, a 4 state 
time “partial” interrupt cycle will occur. This is be- 
cause the 8096BH will have to fetch the next instruc- 
tion of the normal instruction flow, instead of proceed- 
ing with the interrupt processing as it was going to. The 
effect on the program will be essentially that of an extra 
NOP. This can be prevented by clearing the bits using a 
2 operand immediate logical, as the 8096BH holds off 
acknowledging interrupts during these “read/modify/ 
write”’ instructions. 


(LOCATION 09H) 


7yetsts]siz]ifo| 
Users 
| L_— A70 COMPLETION 
HS! DATA AVAILABLE 


HSO EVENT 

HSI BIT 0 

SOFTWARE TIMERS 

SERIAL 1/0 

EXTERNAL INTERRUPT 
270250-19 


Figure 22. Interrupt Pending Register 


Interrupt Mask Register 


Individual interrupts can be enabled or disabled by set- 
ting or clearing bits in the interrupt mask register 
(INT_.MASK-08H). The format of this register is the 
same as that of the Interrupt Pending Register shown 
in Figure 22. 


‘ oe Sr ee poe Se * 


col ere So ; 


The INT__MASK register can be read or written as 
byte register. A one in any bit position will enable the 
corresponding interrupt source and a zero will disable 
the source. The hardware will save any interrupts that 
occur by setting bits in the pending register, even if the 
interrupt mask bit is cleared. The INT__MASK regis- 
ter also can be accessed as the lower eight bits of the 
PSW so the PUSHF and POPF instructions save and 
restore the INT__MASK register as well as the global 
interrupt lockout and the arithmetic flags. 


GLOBAL DISABLE 


The processing of all interrupts can be disabled by 
clearing the I bit in the PSW. Setting the I bit will 
enable interrupts that have mask register bits which are 
set. The I bit is controlled by the EI (Enable Interrupts) 
and DI (Disable Interrupts) instructions. Note that the 
I bit only controls the actual servicing of interrupts. 
Interrupts that occur during periods of lockout will be 
held in the pending register and serviced on a priori- 
tized basis when the lockout period ends. 


4.2 Interrupt Priorities 


The priority encoder looks at all of the interrupts which 
are both pending and enabled, and selects the one with 
the highest priority. The priorities are shown in Figure 
20 (7 is highest, 0 is lowest). The interrupt generator 
then forces a call to the location in the indicated vector 
location. This location would be the starting location of 
the Interrupt Service Routine (ISR). 


This priority selection controls the order in which 
pending interrupts are passed to the software via inter- 
rupt calls. The software can then implement its own 
priority structure by controlling the mask register 
(INT__MASK). To see how this is done, consider the 
case of a serial I/O service routine which must run at a 
priority level which is lower than the HSI data avail- 
able interrupt but higher than any other source. The 
“preamble” and exit code for this interrupt service rou- 
tine would look like this: 


serial_io_isr: 
PUSHF ; Save the PSW 


(Includes INT_MASK) 


LDB INT_MASK , #00000100B 

EI ; Enable interrupts again 
‘ Service the interrupt 

POPF ; Restore the PSW 

RET 
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Note that location 200CH in the interrupt vector table 
would have to be loaded with the value of the label 
serial__io__isr and the interrupt be enabled for this 
routine to execute. 


There is an interesting chain of instruction side-effects 
which makes this (or any other) 8096 interrupt service 
routine execute properly: 


a) After the hardware decides to proces: an interrupt, it 
generates and executes a special interrupt-call in- 
struction, which pushes the current program counter 
onto the stack and then loads the program counter 
with the contents of the vector table entry corre- 
sponding to the interrupt. The hardware will not al- 
low another interrupt to be serviced immediately fol- 
lowing the interrupt-call. This guarantees that once 
the interrupt-call starts, the first instruction of the 
interrupt service routine will execute. 


b) The PUSHF instruction, which is now guaranteed to 
execute, saves the PSW in the stack and then clears 
the PSW. The PSW contains, in addition to the 
arithmetic flags, the INT__MASK register and the 
global disable flag (1). The hardware will not allow 
an interrupt following a PUSHF instruction and, by 
the time the LD instruction starts, all of the inter- 
rupt enable flags will be cleared. Now there is guar- 
anteed execution of the LD INT__MASK instruc- 
tion. 


c) The LD INT__MASK instruction enables those in- 
terrupts that the programmer chooses to allow to 
interrupt the serial I/O interrupt service routine. In 
this example only the HSI data available interrupt 
will be allowed to do this but any interrupt or combi- 
nation of interrupts could be enabled at this point, 
even the serial interrupt. It is the loading of the 
INT__MASK register which allows the software to 
establish its own priorities for interrupt servicing in- 
dependently from those that the hardware enforces. 


d) The EI instruction reenables the processing of inter- 
rupts. 


e) The actual interrupt service routine executes within 
the priority structure established by the software. 


f) At the end of the service routine the POPF instruc- 
tion restores the PSW to its state when the interrupt- 
call occurred. The hardware will not allow interrupts 
to be processed following a POPF instruction so the 
execution of the last instruction (RET) is guaranteed 
before further interrupts can occur. The reason that 
this RET instruction must be protected in this fash- 
ion is that it is quite likely that the POPF instruction 
will reenable an interrupt which is already pending. 
If this interrupt were serviced before the RET in- 
struction, then the return address to the code that 
was executing when the original interrupt occurred 
would be left on the stack. While this does not pres- 
ent a problem to the program flow, it could result in 
a stack overflow if interrupts are occurring at a high 
frequency. The POPF instruction also pops the 


INT__MASK register (part of the PSW), so any 
changes made to this register during a routine which 
ends with a POPF will be lost. 


Notice that the “preamble” and exit code for the inter- 
rupt service routine does not include any code for sav- 
ing or restoring registers. This is because it has been 
assumed that the interrupt service routine has been al- 
located its own private set of registers from the on- 
board register file. The availability of some 230 bytes of 
register storage makes this quite practical. 


4.3 Critical Regions 


Interrupt service routines must share some data with 
other routines. Whenever the programmer is coding 
those sections of code which access these shared pieces 
of data, great care must be taken to ensure that the 
integrity of the data is maintained. Consider clearing a 
bit in the interrupt pending register as part of a non-in- 
terrupt routine: 


LDB AL, INT_PENDING 
ANDB AL, #bit_mask 
STB AL, INT_PENDING 


This code works if no other routines are operating con- 
currently, but will cause occasional but serious prob- 
lems if used in a concurrent environment. (All pro- 
grams which make use of interrupts must be considered 
to be part of a concurrent environment.) To demon- 
strate this problem, assume that the INT_PENDING 
register contains 00001111B and bit 3 (HSO event in- 
terrupt pending) is to be reset. The code does work for 
this data pattern but what happens if an HSI interrupt 
occurs somewhere between the LDB and the STB in- 
structions? Before the LDB instruction INT_.PEND- 
ING contains 00001111B and after the LDB instruc- 
tion so does AL. If the HSI interrupt service routine 
executes at this point then INT_.PENDING will 
change to 00001011B. The ANDB changes AL to 
00000111B and the STB changes INT__PENDING to 
00000111B. It should be 00000011B. This code se- 
quence has manged to generate a false HSI interrupt 
The same basic process can generate an amazing assort- 


‘ment of problems and headaches. These problems can 


be avoided by assuring mutual exclusion which basical- 
ly means that if more than one routine can change a 
variable, then the programmer must ensure exclusive 
access to the variable during the entire operation on the 
variable. 


In many cases the instruction set of the 8096 allows the 
variable to be modified with a single instruction. The 
code in the above example can be implemented with a 
single instruction. 


ANDB INT_PENDING, #bit_mask 
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Instructions are indivisible so mutual exclusion is en- 
sured in this case. Changes to the INT_PENDING 
register must be made as a single instruction, since bits 
can be changed in this register even if interrupts are 
disabled. Depending on system configurations, several 
other SFRs might also need to be changed in a single 
instruction for the same reason. 


When variables must be modified without interruption, 
and a single instruction can not be used, the program- 
mer must create what is termed a critical region in 
which it is safe to modify the variable. One way to do 
this is to simply disable interrupts with a DI instruc- 
tion, perform the modification, and then re-enable in- 
terrupts with an EI instruction. The problem with this 
approach is that it leaves the interrupts enabled even if 
they were not enabled at the start. A better solution is 
to enter the critical region with a PUSHF instruction 
which saves the PSW and also clears the interrupt en- 
able flags. The region can then be terminated with a 
POPF instruction which returns the interrupt enable to 
the state it was in before the code sequence. It should be 
noted that some system configurations might require 
more protection to form a critical region. An example 
is a system in which more than one processor has ac- 
cess to a common resource such as memory or external 
I/O devices. 


4.4 Interrupt Timing © 


Interrupts are not always acknowledged immediately. 
If the interrupt signal does not occur prior to 4 state- 
times before the end of an instruction, the interrupt will 
not be acknowledged until after the next instruction has 
been executed. This is because an instruction is fetched 
and prepared for execution a few state times before it is 
actually executed. 


STATE TIMES 


There are 6 instructions which always inhibit interrupts 
from being acknowledged until after the next instruc- 
tion has been executed. These instructions are: 


EI, DI — Enable and Disable Interrupts 
POPF, PUSHF— Pop and Push Flags 


SIGND — Prefix to perform signed multiply 
and divide (Note that this is not an 
ASM-96 Mnemonic, but is used for 
signed multiply and divide) 

TRAP — Software interrupt 


When an interrupt is acknowledged, the interrupt 
pending bit is cleared, and a call is forced to the loca- 
tion indicated by the specified interrupt vector. This 
call occurs after the completion of the instruction in 
process, except as noted above. The procedure of get- 
ting the vector and forcing the call requires 21 state 
times. If the stack is in external RAM an additional 3 
state times are required. z 
The maximum number of state times required from the 
time an interrupt is generated (not acknowledged) until 
the 8096 begins executing code at the desired location is 
the time of the longest instruction, NORML (Normal- 
ize — 42 state times), plus the 4 state times prior to the 
end of the previous instruction, plus the response time 
(21 to 24 state times). Therefore, the maximum re- 
sponse time is 70 (42 + 4 + 24) state times. This does 
not include the 12 state times required for PUSHF if it 
is used as the first instruction in the interrupt routine or 
additional latency caused by having the interrupt 
masked or disabled. Refer to Figure 22A, Interrupt Re- 
sponse Time, to visualize an example of worst case sce- 
nario. 


AD 24 ee re 1 ee eee 


ENDING , END. CALL IS IF STACK | , Y 
EXECUTION) INSTRUCTION | NORML’ )) ‘noRML’ | FORCED )) exTERNAL | PUSHF Yffff. 


EXTINT ? 


PENDING 
BIT SET 


Sistas caste Sa alia STATE TIMES 


RESPONSE TIME 


INTERRUPT ROUTINE 


CLEARED 
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Figure 22A. Interrupt Response Time 
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Interrupt latency time can be reduced by careful selec- 
tion of instructions in areas of code where interrupts 
are expected. Using ‘EI’ followed immediately by a 
long instruction (e.g. MUL, NORML, etc.) will in- 
crease the maximum latency by 4 state times, as an 
interrupt cannot occur between EI and the instruction 
following EI. The “DI”, “PUSHF”, “POPF” and 
“TRAP” instructions will also cause the same situa- 
tion. Typically the PUSHF, POPF and TRAP instruc- 
tions would only effect latency when one interrupt 
routine is already in process, as these instructions are 
seldom used at other times. 


5.0 TIMERS 


Two 16-bit timers are available for use on the 8096. The 
first is designated “Timer 1”, the second, “Timer 2”. 
Timer 1 is used to synchronize events to real time, 
while Timer 2 can be clocked externally and synchro- 
nizes events to external occurrences. 


5.1 Timer 1 


Timer 1 is clocked once every eight state times and can 
be cleared only by executing a reset. The only other 
way to change its value is by writing to O0OCH but this 
is a test mode which sets both timers to OFFFXH and 
should not be used in programs. 


5.2 Timer 2 


Timer 2 can be incremented by transitions (one count 
each transition, rising and falling) on either T2CLK or 
HSI.1. The multiple functionality of the timer is deter- 
mined by the state of I/O Control Register 0, bit 7 
(I0C0.7). To ensure that all CAM entries are checked 
each count of Timer 2, the maximum transition speed is 
limited to once per eight state times. Timer 2 can be 
cleared by: executing a reset, by setting IOCO.1, by trig- 
gering HSO channel OEH, or by pulling T2RST or 
HSI.0 high. The HSO and CAM are described in Sec- 
tion 7 and 8. IOCO.3 and ICO0.5 control the resetting 
of Timer 2. Figure 23 shows the different ways of ma- 
nipulating Timer 2. 


T2 CLK —>\ 4— HSI.1 


270250-—22 


Figure 23. Timer 2 Clock and Reset Options 


5.3 Timer Interrupts 


Both Timer 1 and Timer 2 can be used to trigger a 
timer overflow interrupt and set a flag in the I/O Status 
Register 1 (IOS1). The interrupts are controlled by 
IOC1.2 and IOC1.3 respectively. The flags are set in 
IOS1.5 and IOS1.4, respectively. 


Caution must be used when examining the flags, as any 
access (including Compare and Jump on Bit) of IOS1 
clears bits 0 through 5 including the software timer 
flags. It is, therefore, recommended to write the byte to 
a temporary register before testing bits. The general en- 
abling and disabling of the timer interrupts are con- 
trolled by the Interrupt Mask Register bit 0. In all cas- 
es, setting a bit enables a function, while clearing a bit 
disables it. 


5.4 Timer Related Sections 


The High Speed I/O unit is coupled to the timers in 
that the HSI records the value on Timer 1 when tran- 
sitions occur and the HSO causes transitions to occur 
based on values of either Timer 1 or Timer 2. The baud 
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rate generator can use the T2CLK pin as input to its 
counter. a complete listing of the functions of IOS1, 
1OCO, and IOC1 are in Section 11. 


6.0 HIGH SPEED INPUTS 


The High Speed Input Unit (HSI), can be used to rec- 
ord the time at which an event occurs with respect to 


Timer 1. There are 4 lines (HSI.0 through HSI.3) 
which can be used in this mode and up to a total of 8 
events can be recorded. HSI.2 and HSI.3 are bidirec- 
tional pins which can also be used as HSO.4 and 
HSO.5. The I/O Control Registers (IOCO and IOC1) 
are used to determine the functions of these pins. A 
block diagram of the HSI unit is shown in Figure 24. 


HSI Trigger Options 


ics cele 
PEGS 25: 


HI TO LO 


LO TO HI 


EVERY EIGHTH POSITIVE 
TRANSITION 


DIVIDE 


270250-41 


FIFO 
INTERRUPT 
& 
CONTROL LOGIC 


PORT BUFFERS BY 8 CHANGE 


COUNTER DETECTOR 


HSI PINS 


8 


4 
HSI_STATUS HOLDING REGISTER 


HSI_TIME 
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Figure 24. High Speed Input Unit 
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6.1 HS! Modes 


There are 4 possible modes of operation for each of the 
HSI pins. The HSI mode register is used to control 
which pins will look for what type of events. The 8-bit 
register is set up as shown in Figure 25. 


High and low levels each need to be held for at least 1 
state time to ensure proper operation. The maximum 
input speed is 1 event every 8 state times except when 
the 8 transition mode is used, in which case it is 1 
transition per state time. The divide by eight counter 
can only be zeroed in mid-count by performing a hard- 
ware reset on the 8096BH. The 8X9X counter cannot 
be zeroed. 


HSI__Mode (03H) 


7{ejs}4}s{2}ijo) 


HSI.0 MODE 
HSI.1 MODE 
HSI.2 MODE 


HSI.3 MODE 


WHERE EACH 2= BIT MODE CONTROL FIELD 
DEFINES ONE OF 4 POSSIBLE MODES: 


00 8 POSITIVE TRANSITIONS 

01 EACH POSITIVE TRANSITION 

10 EACH NEGATIVE TRANSITION 

11. EVERY TRANSITION 
(POSITIVE AND NEGATIVE) 
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Figure 25. HSI Mode Register Diagram 


The HSI lines can be individually enabled and disabled 
using bits in IOCO, at location 0015H. Figure 26 shows 
the bit locations which control the HSI pins. If the pin 
is disabled, transitions will not be entered in the FIFO. 


T2RST ——O + --10C0.5 
T2 RESET 


+--+ 1000.3 
e == 100.0 | 


HSLO 0 SO HS 
° == 1000.2 


Se See ee HS] 
HSI.1 PAE Sn RCI aa aE TIMER2 


T2CLK ——=© *-- 1000.7 CLOCK 


-=- 10C0.4 
HSL2 —0 "0—$—$—$—____——— is! 
--- 10C0.6 


HSI.3 =O HSI 
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Figure 26. |OCO Control of HSI Pin Functions 
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6.2 HSI FIFO 


When an HSI event occurs, a 7 X 20 FIFO stores the 16 
bits of Timer 1 and the 4 bits indicating which pins had 
events. It can take up to 8 state times for this informa- 
tion to reach the holding register. For this reason, 8 
state times must be allowed between consecutive reads 
of HSI__TIME. When the FIFO is full, one additional 
event, for a total of 8 events, can be stored by consider- 
ing the holding register part of the FIFO. If the FIFO 
and holding register are full, any additional events will 
not be recorded. 


6.3 HSI Interrupts 


Interrupts can be generated by the HSI unit in three 
ways; two FIFO related interrupts and 0 to 1 tran- 
sitions on the HSI.0 pin. The HSI.0 pin can generate 
interrupts even if it is not enabled to the HSI FIFO. 
Interrupts generated by this pin cause a vector through 
location 2008H. The FIFO related interrupts are con- 
trolled by bit 7 of I/O Control Register 1, (IOC1.7). If 
the bit is a 0, then an interrupt will be generated every 
time a value is loaded into the holding register. If it is a 
1, an interrupt will only be generated when the FIFO, 
(independent of the holding register), has six entries in 
it. Since all interrupts are rising edge triggered, if 
IOC1.7 = 1, the processor will not be re-interrupted 
until the FIFO first contains 5 or less records, then 
contains six or more. 


6.4 HSI Status 


Bits 6 and 7 of the I/O Status register 1 (IOS1) indicate 
the status of the HSI FIFO. If bit 6 is a 1, the FIFO 
contains at least six entries. If bit 7 is a 1, the FIFO 
contains at least 1 entry and the HSI holding register 
has data available to be read. The FIFO may be read 
after verifying that it contains valid data. Caution must 
be used when reading or testing bits in IOS1, as this 
action clears bits O—5, including the software and hard- 
ware timer overflow flags. It is best to store the byte 
and then test the stored value. See Section 11. 


Reading the HSI is done in two steps. First, the HSI 
Status register is read to obtain the current state of the 
HSI pins and which pins had changed at the recorded 
time. The format of the HSI_STATUS Register is 
shown in Figure 27. Second, the HSI Time register is 
read. Reading the Time register unloads one level of the 
FIFO, so if the Time register is read before the Status 
register, the event information in the Status register will 
be lost. The HSI Status register is at location 06H and 
the HSI Time registers are in locations 04H and 05H. 


If the HSI__TIME register is read without the holding 
register being loaded, the returned value will be indeter- 
minate. Under the same conditions, the four bits in 
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HSI__STATUS indicating which events have occurred 
will also be indeterminate. The four HSI_STATUS 
bits which indicate the current state of the pins will 
always return the correct value. 


It should be noted that many of the Status register con- 
ditions are changed by a reset, see Section 13. A com- 
plete listing of the functions of IOSO, IOS1, and IOC1 
can be found in Section 11. 


7.0 HIGH SPEED OUTPUTS 


The High Speed Output unit, (HSO), is used to trigger 
events at specific times with minimal CPU overhead. 
These events include: starting an A to D conversion, 
resetting Timer 2, setting 4 software flags, and switch- 
ing 6 output lines (HSO.0 through HSO.5). Up to eight 
events can be pending at one time and interrupts can be 
generated whenever any of these events are triggered. 
HSO.4 and HSO.5 are bidirectional pins which can also 
be used as HSI.2 and HSI.3 respectively. Bits 4 and 6 of 
I/O Control Register 1, (IO0C1.4, IOC1.6), enable 
HSO.4 and HSO.5 as outputs. 


The HSO unit can generate two types of interrupts. The 
HSO execution interrupt (vector = (2006H)) is gener- 
ated (if enabled) for HSO commands which operate one 
or more of the six output pins. The other HSO inter- 
rupt is the software timer interrupt (vector = 
(200BH)) which is generated (if enabled) by any other 
HSO command, (e.g. triggering the A/D, resetting 
Timer 2 or generating a software time delay). 


CAM 
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HOLDING REGISTER 


HSO_COMMAND HSO_TIME 


HSO HSO_STATUS 
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7.1 HSO CAM 


A block diagram of the HSO unit is shown in Figure 
28. The Content Addressable Memory (CAM) file is 
the center of control. One CAM register is compared 
with the timer values every state time, taking 8 state 
times to compare all CAM registers with the timers. 
This defines the time resolution of the HSO to be 8 
state times (2.0 microseconds at an oscillator frequency 
of 12 MHz). 


HSI Status Register (HSI__Status) 
LOCATION 06H 


7]ejspsisj2iijo 

APT > age. EE ee ote 
HSI.0 STATUS 
HSI.1 STATUS 


HSI.2 STATUS 


HSI.3 STATUS 
: 270250-26 
Where for each 2-bit status field the lower bit indicates 
whether or not an event has occurred on this pin at the 
time in HSI__TIME and the upper bit indicates the cur- 
rent status of the pin. 


Figure 27. HSI Status Register Diagram 


Each CAM register is 23 bits wide. Sixteen bits specify 
the time at which the action is to be carried out and 7 
bits specify both the nature of the action and whether 
Timer 1 or Timer 2 is the reference. The format of the 


8 STATE TIME 
INCREMENT 


T2CLK 
TIMER 1 rome al 
T2RST 
EQUAL J COMPARATOR 


16 


HIGH SPEED OUTPUT CONTROL 
¢ 6 OUTPUT PINS 
e 4 SOFTWARE TIMERS 
e INITIATE A/D CONVERSION 
e RESET TIMER 2 
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Figure 28. High Speed Output Unit 
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command to the HSO unit is shown in Figure 29. Note 
that bit 5 is ignored for command channels 8 through 
OFH. 


To enter a command into the CAM file, write the 7-bit 
“Command Tag” into location 0006H followed by the 
time at which the action is to be carried out into word 
address 0004H. The typical code would be: 


LDB HSO_COMMAND, #what_to_do 
ADD HSO_TIME,TIMER1,#when_to_do_it 


Writing the time value loads the HSO Holding Register 
with both the time and the last written command tag. 
The command does not actually enter the CAM file 
until an empty CAM register becomes available. 


Commands in the holding register will not execute even 
if their time tag is reached. Commands must be in the 
CAM for this to occur. Commands in the holding regis- 
ter can also be overwritten. Since it can take up to 8 
state times for a command to move from the holding 
register to the CAM, 8 states must be allowed between 
successive writes to the CAM. 


To provide proper synchronization, the minimum time 
that should be loaded to Timer 1 is Timer 1 + 2. 
Smaller values may cause the Timer match to occur 
65,636 counts later than expected. A similar restriction 
applies if Timer 2 is used. 


Care must be taken when writing the command tag for 
the HSO. If an interrupt occurs during the time be- 
tween writing the command tag and loading the time 
value, and the interrupt service routine writes to the 
HSO time register, the command tag used in the inter- 
rupt routine will be written to the CAM at both the 
time specified by the interrupt routine and the time 
specified by the main program. The command tag from 
the main program will not be executed. One way of 
avoiding this problem would be to disable interrupts 
when writing commands and times to the HSO unit. 
See also Section 4.5. 


CHANNEL: 
0-5 HSO.0 = HSO.5 


6 HSO.O AND HSO.1 

7 HSO.2 AND HSO.3 

8-B SOFTWARE TIMERS 

E RESET TIMER2 

F START A/D CONVERSION 


INTERRUPT / NO INTERRUPT 
SET / CLEAR 

TIMER 2/ TIMER 1 

X 
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Figure 29. HSO Command Tag Format 
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7.2 HSO Status 


Before writing to the HSO, it is desirable to ensure that 
the Holding Register is empty. If it is not, writing to the 
HSO will overwrite the value in the Holding Register. 
I/O Status Register 0 (IOSO) bits 6 and 7 indicate the 
status of the HSO unit. This register is described in 
Section 11. If ISO0.6 equals 0, the holding register is 
empty and at least one CAM register is empty. If 
IOSO.7 equals 0, the holding register is empty. 


The programmer should carefully decide which of these 
two flags is the best to use for each application. 


7.3 Clearing the HSO 


All 8 CAM locations of the HSO are compared before 
any action is taken. This allows a pending external 
event to be cancelled by simply writing the opposite 
event to the CAM. However, once an entry is placed in 
the CAM, it cannot be removed until either the speci- 
fied timer matches the written value or the chip is reset. 
If, as an example, a command has been issued to set 
HSO.1 when TIMER 1 = 1234, then entering a second 
command which clears HSO.1 when TIMER 1 = 1234 
will result in no operation on HSO.1. Both commands 
will remain in the CAM until TIMER 1 = 1234. 


Internal events are not synchronized to Timer 1, and 
therefore cannot be cleared. This includes events on 
HSO channels 8 through F and all interrupts. Since 
interrupts are not synchronized it is possible to have 
multiple interrupts at the same time value. 


7.4 Using Timer 2 with the HSO 


Timer 1 is incremented only once every 8 state-times. 
When it is being used as the reference timer for an HSO 
action, the comparator has a chance to look at all 8 
CAM registers before Timer 1 changes its value. Fol- 
lowing the same reasoning, Timer 2 has been synchro- 
nized to allow it to change at a maximum rate of once 
per 8 state-times. Timer 2 increments on both edges of 
the input signal. 


When using Timer 2 as the HSO reference, caution 
must be taken that Timer 2 is not reset prior to the 
highest value for a Timer 2 match in the CAM. This is 
because the HSO CAM will hold an event pending until 
a time match occurs, if that match is to a time value on 
Timer 2 which is never reached, the event will remain 
pending in the CAM until the part is reset. 


Additional caution must be used when Timer 2 is being 
reset using the HSO unit, since resetting Timer 2 using 
the HSO is an internal event and can therefore happen 
at any time within the eight-state-time window. This 
situation arises when the event is set to occur when 
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Timer 2 is equal to zero. If HSI.0 or the T2RST pin is 
used to clear Timer 2, and Timer 2 equal to zero trig- 
gers the event, then the event may not occur. This is 
because HSI.0 and T2RST clear Timer 2 asynchro- 
nously, and Timer 2 may then be incremented to one 
before the HSO CAM entry can be read and acted 
upon. This can be avoided by setting the event to occur 
when Timer 2 is equal to one. This method will ensure 
that there is enough time for the CAM entry recogni- 
tion. 


The same asynchronous nature can affect events sched- 
uled to occur at the same time as an internal Timer 2 
reset. These events should be logged into the CAM 
with a Timer 2 value of zero. When using this method 
to make a programmable modulo counter, the count 
will stay at the maximum Timer 2 value only until the 
Reset T2 command is recognized. The count will stay 
at zero for the transition which would have changed the 
count from “‘N” to zero, and then changed to a one on 
the next transition. 


7.5 Software Timers 


The HSO can be programmed to generate interrupts at 
_ preset times. Up to four such “Software Timers” can be 
in operation at a time. As each preprogrammed time is 
reached, the HSO unit sets a Software Timer Flag. If 
the interrupt bit in the command tag was set then a 
Software Timer Interrupt will also be generated. The 
interrupt service routine can then examine I/O Status 
register 1 (IOS1) to determine which software timer 
expired and caused the interrupt. When the HSO resets 
Timer 2 or starts an A to D conversion, it can also be 
programmed to generate a software timer interrupt but 
there is no flag to indicate that this has occurred. 


If more than one software timer interrupt occurs in the 
same time frame it is possible that multiple software 
timer interrupts will be generated. 


Each read or test of any bit in IOS1 will clear bits 0 
through 5. Be certain to save the byte before testing it 
unless you are only concerned with 1 bit. See also Sec- 
tion 11.5. 


A complete listing of the functions of IOSO, IOS1, and 
IOC1 can be found in Section 11. The Timers are de- 
scribed in Section 5 and the HSI is described in Section 6. 
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8.0 ANALOG INTERFACE 


The 8096H can easily interface to analog signals using 
its Analog to Digital Converter and its Pulse-Width- 
Modulated (PWM) output and HSO Unit. Analog in- 
puts are accepted by the 8-input, 10-bit A to D convert- 
er. The PWM and HSO units provide digital signals 
which can be filtered for use as analog outputs. 


8.1 Analog Inputs 


A to D conversion is performed on one of the 8 inputs 
at a time using successive approximation with a result 
equal to the ratio of the input voltage divided by the 
analog supply voltage. If the ratio is 1.00, then the re- 
sult will be all ones. The A/D converter is available on 
selected members of the MCS-96 family. See Section 14 
for the device selection matrix. 


Each conversion on the 8096BH requires 88 state-times 
(22 ws at 12 MHz) independent of the accuracy desired 
or value of input voltage. The input voltage must be in 
the range of 0. to VREF, the analog reference and sup- 
ply voltage. For proper operation, VREF (the reference 
voltage and analog power supply) must be held nomi- 
nally at 5V. The A/D result is calculated from the for- 
mula: 


1023 x (input voltage-ANGND)/(VREF-ANGND) 


It can be seen from this formula that changes in VREF 


or ANGND effect the output of the converter. This can 
be advantageous if a ratiometric sensor is used since 
these sensors have an output that can be measured as a 
proportion of VREF. 


ANGND must be tied to VSS (digital ground) in order 
for the 8096BH to operate properly. This common con- 
nection should be made as close to the chip as possible, 
and using good bulk and high frequency by-pass capaci- 
tors to decouple power supply variations and noise 
from the circuit. Analog design rules call for one and 
only one common connection between analog and digi- 
tal returns to eliminate unwanted ground variations. 
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A sample and hold is provided on the A/D converter of 
the 8X97BH and 8X95BH. The sampling window is 
open for 4 state times which are included in the 88 
state-time conversion period. The exact timings of the 
A/D converter can be found in Section 3 of the Hard- 
ware Design chapter. 


The 8X9X devices do not have a sample and hold, so the 
input voltage must be held constant through the entire 
conversion. The conversion time is 168 state times (42 jus 
at 12 MHz) on the 8X9X devices. 


8.2 A/D Commands 


Analog signals can be sampled by any one of the 8 
analog input pins (ACHO through ACH7) which are 
shared with Port 0. ACH7 can also be used as an exter- 
nal interrupt if IOC1.1 is set (see Sections 4 and 11). 
The A/D Command Register, at location 02H, selects 
which channel is to be converted ‘and whether the con- 
version should start immediately or when the HSO 
(Channel #0FH) triggers it. The A/D command regis- 


A/D Command Register 
(LOCATION 02H) 


ter must be written to for each conversion, even if the 
HSO is used as the trigger. A to D-commands are for- 
matted as shown in Figure 30. 


The command register is double buffered so it is possi- 
ble to write a command to start a conversion triggered 
by the HSO while one is still in progress. Care must be 
taken when this is done since if a new conversion is 
started while one is already in progress, the conversion 
in progress is cancelled and the new one is started. 
When a conversion is started, the result register is 
cleared. For this reason the result register must be read 
before a new conversion is started or data will be lost. 


8.3 A/D Results 


Results of the analog conversions are read from the 
A/D Result Register at locations 02H and 03H. AI- 
though these addresses are on a word boundary, they 
must be read as individual bytes. Information in the 
A/D Result register is formatted as shown in Figure 
31. Note that the status bit may not be set until 8 state 


CHANNEL # SELECTS WHICH OF THE 8 ANALOG INPUT 
CHANNELS IS TO BE CONVERTED TO DIGITAL FORM; 


GO INDICATES WHEN THE CONVERSION IS TO BE 
INITIATED (GO=1 MEANS START NOW, GO=0 
MEANS THE CONVERSION IS TO BE INITIATED 


BY THE HSO UNIT AT A SPECIFIED TIME). 
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Figure 30. A/D Command Register 


A/D RESULT REGISTER 
(LOCATION 03H) 


(LOCATION 02H) 


A/D CHANNEL NUMBER 


STATUS 
0 = A/D CURRENTLY IDLE 
1 = CONVERSION IN PROCESS 


A/D RESULT: 
LEAST SIGNIFICANT 2 BITS 
MOST SIGNIFICANT BYTE 
270250-30 


Figure 31. A/D Result Register 
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times after the go command, so it is necessary to wait 8 
state times before testing it. Information on using the 
HSO is in Section 7. 


8.4 Pulse Width Modulation Output 
(D/A) 


Digital to analog conversion can be done with the Pulse 
Width Modulation output; a block diagram of the cir- 
cuit is shown in Figure 32. The 8-bit counter is incre- 
mented every state time. When it equals 0, the PWM 
output is set to a one. When the counter matches the 
value in the PWM register, the output is switched low. 
When the counter overflows, the output is once again 
switched high. A typical output waveform is shown in 


DATA BUS x8 
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Figure 33.-Note that when the PWM register equals 00, 
the output is always low. Additionally, the PWM regis- 
ter will only be reloaded from the temporary latch 
when the counter overflows. This means that the com- 
pare circuit will not recognize a new value to compare 
against until the counter has expired the remainder of 
the current 8-bit count. 


The output waveform is a variable duty cycle pulse — 
which repeats every 256 state times (64 ws at 12 MHz). 
Changes in the duty cycle are made by writing to the 
PWM register at location 17H. There are several types 
of motors which require a PWM waveform for most 
efficient operation. Additionally, if this waveform is in- 
tegrated it will produce a DC level which can be 
changed in 256 steps by. varying the duty cycle. 
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e PWM Period (XTAL = 12 MHz) = 64 us, Frequency = 15.625 KHz 
e Duty Cycle Programmable in 256 Steps. 


Figure 32. Pulse Width Modulated (D/A) Output 
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Figure 33. Typical PWM Outputs 
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Details about the hardware required for smooth, accu- 
rate D/A conversion can be found in Section 4 of the 
Hardware Design chapter. Typically, some form of 
buffer and integrator are needed to obtain the most use- 
fulness from this feature. 


The PWM output shares a pin with Port 2, pin 5 so 
that these two features cannot be used at the same time. 
IOC1.0 equal to 1 selects the PWM function instead of 
the standard port function. More information on IOC1 
is in Section 11. 


8.5 PWM Using the HSO 


The HSO unit can be used to generate PWM wave- 
forms with very little CPU overhead. If the HSO is not 
being used for other purposes, a 4 line PWM unit can 
be made by loading the on and off times into the CAM 
in sets of 4. The CAM would then always be loaded and 
only 2 interrupts per PWM period would be needed. 
An example of using the HSO in this manner can be 
found AP-248, “Using The 8096”. This application 
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note is included in the MCS-96 Application Notes | 


chapter. 


9.0 SERIAL PORT 


The serial port on the 8096BH has 3 asynchronous and 
one synchronous mode. The asynchronous modes are 
full duplex, meaning they can transmit and receive at 
the same time. The receiver is double buffered so that 
the reception of a second byte can begin before the first 
byte has been read. The port is functionally compatible 
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with the serial port on the MCS-51 family of microcon- 
trollers, although the software used to control the ports 
is different. 


Control of the serial port is handled through the Serial 
Port Control/Status Register at location 11H. Figure 
37 shows the layout of this register. The details of using it 
to control the serial port will be discussed in Section 9.2. 


Data to and from the serial port is transferred through 
SBUF (rx) and SBUF (tx), both located at 07H. Al- 
though these registers share the same address, they are 
physically separate, with SBUF (rx) containing the data 
received by the serial port and SBUF (tx) used to hold © 
data ready for transmission. The program cannot write 
to SBUF (rx) or read from SBUF (tx). 


The baud rate at which the serial port operates is con- 
trolled by an independent baud rate generator. The in- 
puts to this generator can be either the XTAL1 or the 
T2CLK pin. Details on setting up the baud rate are 
given in Section 9.3. 


9.1 Serial Port Modes 


MODE 0 


Mode 0 is a synchronous mode which is commonly 
used for shift register based I/O expansion. In this 
mode the TXD pin outputs a set of 8 pulses while the 
RXD pin either transmits or receives data. Data is 
transferred 8 bits at a time with the LSB first. A dia- 
gram of the relative timing of these signals is shown in 
Figure 34. Note that this is the only mode which uses 
RXD as an output. 
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Figure 34. Serial Port Mode 0 Timing 
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Although it is not possible to transmit and receive at 
the same time using this mode, two external gates and a 
port pin can be used to time-multiplex the two func- 
tions. An example of multiplexing transmit and receive 
is discussed in Section 6.1 of the Hardware Design 
chapter. 


MODE 1 


Mode 1 is the standard asynchronous communications 
mode. The data frame used in this mode is shown in 
Figure 35. It consists of 10 bits; a start bit (0), 8 data 
bits (LSB first), anda stop bit (1). If parity is enabled, 
(the PEN bit is set to a 1), an even parity bit is sent 
instead of the 8th data bit and parity is checked on 
reception. 


MODE 2 


Mode 2 is the asynchronous 9th bit recognition mode. 
This mode is commonly used with Mode 3 for multi- 
processor communications. Figure 36 shows the data 
frame used in this mode. It consists of a start bit (0), 9 
data bits (LSB first), and a stop bit (1). When transmit- 
ting, the 9th bit can be set to a one by setting the TB8 
bit in the control register before writing to SBUF (tx). 
The TB8 bit is cleared on every transmission, so it must 
be set prior to writing to SBUF (tx) each time it is 
desired. During reception, the serial port interrupt and 
the Receive Interrupt (RI) bit will not be set unless the 
9th bit being received is set. This provides an easy way 
to have selective reception on a data link. Parity cannot 
be enabled in this mode. 
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MODE 3 


Mode 3 is the asynchronous 9th bit mode. The data 
frame for this mode is identical to that of Mode 2. The 
transmission differences between Mode 3 and Mode 2 
are that parity can be enabled (PEN = 1) and cause the 
9th data bit to take the even parity value. The TB8 bit 
can still be used if parity is not enabled (PEN =0). 
When in Mode 3, a reception always causes an inter- 
rupt, regardless of the state of the 9th bit. The 9th bit is 
stored if PEN=0 and can be read in bit RB8. If 
PEN =1 then RB8 becomes the Receive Parity Error 
(RPE) flag. | 


9.2 Controlling the Serial Port 


Control of the serial port is done through the Serial 
Port Control (SP_.CON) and Serial Port Status 
(SP__STAT) registers shown in Figure 37. Writing to 
location 11H accesses SP__CON while reading it access 
SP_STAT. Note that reads of SP_STAT will return 
indeterminate data in the lower 5 bits and writing to the 
upper 3 bits of SP__CON has no effect on chip func- 
tionality. The TB8 bit is cleared after each transmission 
and both TI and RI are cleared whenever 
SP__STAT (not SP__CON) is accessed. Whenever the 
TXD pin is used for the serial port it must be enabled 


_ by setting IOC1.5 to a 1. IOC1 is discussed further in 


Section 11.3. Information on the hardware connections 
and timing of the serial port is in Section 6 of the Hard- 
ware Design chapter. 
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Figure 35. Serial Port Frame—Mode 1 


stop \_stant_/"00 X bi X D2 X08 Kos Kos X 06 X07 X08 / STOP 


8-BITS OF DATA 


aera 


PROGRAMMABLE STH BIT 
11-BIT FRAME 


270250-36 


Figure 36. Serial Port Frame Modes 2 and 3 
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LOCATION 11H 


SP_STAT 
(READ ONLY) 
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SP_CON 
(WRITE ONLY) 
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NOTE: 
Tl and RI are cleared when SP__STAT is read. 


M2,M1 SPECIFIES THE MODE; 


0,0 = MODE 0 
0,1 = MODE 1 
1,0 = MODE 2 
1,1 = MODE 3 


ENABLE THE PARITY FUNCTION (EVEN PARITY); 
ENABLES THE RECEIVE FUNCTION; 

PROGRAMS a 9TH DATA BIT (IF NOT PARITY) ON 
TRANSMISSIO 

iS THE aansiat INTERRUPT FLAG; 


IS THE RECEIVE INTERRUPT FLAG: 


IS THE 9TH DATA BIT RECEIVED (IF NOT PARITY), 
IS THE PARITY ERROR INDICATOR (IF PARITY ACTIVE). 
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Figure 37. Serial Port Control/Status Register 


In Mode 0, if REN = 1, writing to SBUF (tx) will start 
a transmission. Causing a rising edge on REN, or clear- 
ing RI with REN = 1, will start a reception. Setting 
REN = 0 will stop a reception in progress and inhibit 
further receptions. To avoid a partial or complete unde- 
sired reception, REN must be set to zero before RI is 
cleared. This can be handled in an interrupt environ- 
ment by using software flags or in straight-line code by 
_ using the Interrupt Pending register to signal the com- 
pletion of a reception. 


In the asynchronous modes, writing to SBUF (tx) starts 
a transmission. A falling edge on RXD will begin a 
reception if REN is set to 1. New data placed in SBUF 
(tx) is held and will not be transmitted until the end of 
the stop bit has been sent. 


In all modes, the RI flag is set after the last data bit is 
sampled approximately in the middle of the bit time. 
Also for all modes, the TI flag is set after the last data 
bit (either 8th or 9th) is sent, also in the middle of the 
bit time. The flags clear when SP__STAT is read, but 
do not have to be clear for the port to receive or trans- 
mit. The serial port interrupt bit is set as a logical OR 
of the RI and TI bits. Note that changing modes will 
reset the Serial Port and abort any transmission or re- 
ception in progress on the channel. 


9.3 Determining Baud Rates. 


Baud rates in all modes are determined by the contents 
of a 16-bit register at location OOOEH. This register 
must be loaded sequentially with 2 bytes (least signifi- 
cant byte first). The serial port will not function be- 
tween the loading of the first and second bytes. The 
MSB of this register selects one of two sources for the 
input frequency to the baud rate generator. If it is a 1, 
the frequency on the XTALI pin is selected, if not, the 
external frequency from the T2CLK pin is used. It 
should be noted that the maximum speed of T2CLK is 
one transition every 2 state times, with a minimum pe- 
riod of 16 XTALI cycles. This provides the needed 
synchronization to the internal serial port clocks. 


The unsigned integer represented by the lower 15 bits 
of the baud rate register defines a number B, where B 
has a maximum value of 32767. The baud rate for the 
four serial modes using either XTAL1 or T2CLK as 
the clock source is given by: 


Using XTALI: 


Baud _ 


XTAL1 frequency | 
Rate — 


M : ; 
ssa, 4*(B +1) 


B+0 
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Baud _ XTAL1 frequency 
Others: Bate cee TF) RET eaniy. 
Using T2CLK: 
_ Baud _ T2CLK frequency | 
Mode 0: I aa ame B+0 
_ Baud _ T2CLK frequency 
Others: ee eer co B+0 


Note that B cannot equal 0, except when using XTALI 
in other than mode 0. 


Common baud rate values, using XTAL1 at 12 MHz, 


are shown below. 


Baud Register Value 


Baud 
Rate 


The maximum baud rates are 1.5 Mbaud synchronous 
and 187.5 Kbaud asynchronous with 12 MHz on 
XTALI. 


9.4 Multiprocessor Communications 


Mode 2 and 3 are provided for multiprocessor commu- 
nications. In Mode 2 if the received 9th data bit is not 
1, the serial port interrupt is not activated. The way to 
use this feature in multiprocessor systems is described 
below. 


When the master processor wants to transmit a block of 
data to one of several slaves, it first sends out an ad- 
dress frame which identifies the target slave. An ad- 
dress frame will differ from a data frame in that the 9th 
data bit is 1 in an address frame and 0 in a data frame. 
No slave in Mode 2 will be interrupted by a data frame. 
An address frame, however, will interrupt all slaves so 
that each slave can examine the received byte and see if 
it is being addressed. The addressed slave switches to 
Mode 3 to receive the coming data frames, while the 
slaves that were not addressed stay in Mode 2 and go 
on about their business. 


10.0 1/0 PORTS 


There are five 8-bit I/O ports on the 8096. Some of 
these ports are input only, some are output only, some 
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are bidirectional and some have alternate functions. In 
addition to these ports, the HSI/O unit can be used to 
provide extra I/O lines if the timer related features of 
these lines are not needed. 


Input ports connect to the internal bus through an in- 
put buffer. Output ports connect through an output 
buffer to an internal register that hold the bits to be 
output. Bidirectional ports consist of an internal regis- 
ter, an input buffer, and an output buffer. 


Port 0 is an input port which is also used as the analog 
input for the A to D converter. Port 1 is a quasi-bidi- 
rectional port. Port 2 contains three types of port lines: 
quasi-bidirectional, input and output. The input and 
output lines are shared with other functions in the 
8096BH as shown in Table 4. Ports 3 and 4 are open- 
drain bidirectional ports which share their pins with the 
address/data bus. 


Table 4. Port 2 Alternate Functions 


Alternate Controlled 
Function by 


Output TXD (Serial Port 
Transmit) 

RXD (Serial Port 
Receive) 
EXTINT 
(External Interrupt) 
T2CLK (Timer 

2 Input) 

T2RST (Timer 

2 Reset) 

PWM 
(Pulse-Width 
Modulation) 


Input 


Input 


Input 


Input 


Output 


Quasi-Bidirectional 
Quasi-Bidirectional 


Section 2 of the Hardware Design chapter contains ad- 
ditional information on the timing, drive capabilities, 
and input impedances of I/O pins. 


10.1 Input Ports 


Input ports and pins can only be read. There are no 
output drivers on these pins. The input leakage of these 
pins is in the microamp range. The specific values can 
be found in the data sheet for the device being consid- 
ered. 


In addition to acting as a digital input, each line of Port 
0 can be selected to be the input of the A to D converter 
as discussed in Section 8. The pins on Port 0 are tested 
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to have D.C. leakage of 3 microamps or less, as speci- 
fied in the data sheet for the device being considered. 
The capacitance on these pins is approximately 5 pF 
and will instantaneously increase by around 5 pF when 
the pin is being sampled by the A to D converter. 


The 8096BH samples the input to the A/D for 4 state 
times at the beginning of the conversion. The 8X9X 
devices sample the A/D pin 10 times during a conver- 
sion. Details on the A to D converter can be found in 
Section 8 of this chapter and in Section 3 of the Hard- 
ware Design chapter. 


10.2 Quasi-Bidirectional Ports 


Port 1, Port 2.6 and Port 2.7 are quasi-bidirectional 
ports. “Quasi-bidirectional” means that the port pin 
has a weak internal pullup that is always active and an 
internal pulldown which can be on to output a 0, or off 
to output a 1. If the internal pulldown is left off (by 
writing a 1 to the pin), the pin’s logic level can be con- 
trolled by an external pulldown. If the external pull- 
down is on, it will input a 0 to the 8096BH, if it is off, a 
1 will be input. From the user’s point of view, the main 
difference between a quasi-bidirectional port and a 
standard input port is that the quasi-bidirectional port 
will source current if externally pulled low. It will also 
pull itself high if left unconnected. 


In parallel with the weak internal pullup is a much 
stronger internal pullup that is activated for one state 
time when the pin is internally driven from 0 to 1. This 
is done to speed up the 0-to-1 transition time. When 
this pullup is on the pin can typically source 30 milli- 
amps to Vgg. 


When the processor writes to the pins of a quasi-bidi- 
rectional port it actually writes into a register which in 
turn drives the port pin. When the processor reads 
these ports, it senses the status of the pin directly. If a 
port pin is to be used as an input then the software 
should write a one to its associated SFR bit, this will 
cause the low-impedance pull-down device to turn off 
and leave the pin pulled up with a relatively high im- 
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pedance pullup device which can be easily driven down 
by the device driving the input. | 


If some pins of a port are to be used as inputs and some 
are to be used as outputs the programmer should be 
careful when writing to the port. 


Particular care should be exercised when using XOR 
opcodes or any opcode which is a read-modify-write 
instruction. It is possible for a Quasi-Bidirectional Pin 
to be written as a one, but read back as a zero if an 
external device (i.e., a transistor base) is pulling the pin 
below Vy}. See the Hardware Design Chapter Section 
2.2 for further details on using the Quasi-Bidirectional 
Ports. 


10.3 Output Ports 


Output pins include the bus control lines, the HSO 
lines, and some of Port 2. These pins can only be used 
as outputs as there are no input buffers connected to 
them. It is not possible to use immediate logical instruc- 
tions such as XOR PORT2, #00111B to toggle these 
pins. The output currents on these ports is higher than 
that of the quasi-bidirectional ports. 


10.4 Ports 3 and 4/AD0-15 


These pins have two functions. They are either bidirec- 
tional ports with open-drain outputs or System Bus 
pins which the memory controller uses when it is acces- 
ing off-chip memory. If the EA line is low, the pins 
always act as the System Bus. Otherwise they act as bus 
pins only during a memory access. If these pins are 
being used as ports and bus pins, ones must be written 
to them prior to bus operations. 


Accessing Port 3 and 4 as I/O is easily done from inter- 
nal registers. Since the LD and ST instructions require 
the use of internal registers, it may be necessary to first 
move the port information into an internal location be- 
fore utilizing the data. If the data is already internal, 
the LD is unnecessary. For instance, to write a word 
value to Port 3 and 4... : 


LD intreg, portdata +; register <— data 
; not needed if already internal 


ST intreg, lLFFEH ; register — Port 3 and 4 
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To read Port 3 and 4 requires that “‘ones” be written to the port registers to first setup the input port configuration 
circuit. Note that the ports are reset to this input condition, but if zeroes have been written to the port, then ones 


must be re-written to any pins which are to be used as inputs. Reading Port 3 and 4 from a previously written zero 


condition is as follows... 


LD intregA, #0FFFFH ; setup port change mode pattern 


ST intregA, 1FFEH 


written as ones 


; register —> Port 3 and 4 
; LD & ST not needed if previously 


LD intregB, 1FFEH : register <— Port 3 and 4 


Note that while the format of the LD and ST instructions are similar, the source and destination directions change. 


When acting as the system bus the pins have strong 
drivers to both Vcc and Vsg. These drivers are used 
whenever data is being output on the system bus and 
are not used when data is being output by Ports 3 and 
4. Only the pins and input buffers are shared between 
the bus and the ports. The ports use different output 
buffers which are configured as open-drain, and require 
pullup resistors. (open-drain is the MOS version of 
open-collector.) The port pins and their system bus 
functions are shown in Table 5. 


Table 5. P3,4/AD0-15 Pins 


System Bus 
Function 


11.0 STATUS AND CONTROL 
REGISTERS 


There are two I/O Control registers, IOCO and IOC1. 
IOCO controls Timer 2 and the HSI lines. IOC1 con- 
trols some pin functions, interrupt sources and 2 HSO 
pins. 


Whenever input lines are switched between two sourc- 
es, or enabled, it is possible to generate transitions on 
these lines. This could cause problems with respect to 
edge sensitive lines such as the HSI lines, Interrupt line, 
and Timer 2 control lines. , 


11.1 1/0 Control Register 0 (IOCO) 


IOCO is located at 0015H. The four HSI lines can be 
enabled or disabled to the HSI unit by setting or clear- 
ing bits in IOCO. Timer 2 functions including clock and 
reset sources are also determined by IOCO. The control 
bit locations are shown in Figure 38. 


HSI.0 INPUT ENABLE / DISABLE 

TIMER 2 RESET EACH WRITE 

HSI.1 INPUT ENABLE / DISABLE 

TIMER 2 EXTERNAL RESET ENABLE / DISABLE 


HSI.2 INPUT ENABLE / DISABLE 

TIMER 2 RESET SOURCE HSI.0 / T2RST 

HSI.3 INPUT ENABLE / DISABLE 

TIMER 2 CLOCK SOURCE HSI.1 /T2CLK 
270250-37 


Figure 38. |/O Control Register 0 (IOCO) 
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11.2 1/0 Control Register 1 (l1OC1) 


IOC1 is used to select some pin functions and enable or 
disable some interrupt sources. Its location is 0016H. 
Port pin P2.5 can be selected to be the PWM output 
instead of a standard output. The external interrupt 
source can be selected to be either EXTINT (same pin 
as P2.2) or Analog Channel 7 (ACHZ7, same pin as 
PO.7). Timer 1 and Timer 2 overflow interrupts can be 
individually enabled or disabled. The HSI interrupt can 
be selected to activate either when there is 1 FIFO en- 
try or 7. Port pin P2.0 can be selected to be the TXD 
output. HSO.4 and HSO.5 can be enabled or disabled 
to the HSO unit. More information on interrupts is 
available in Section 4. The positions of the IOC1 con- 
trol bits are shown in Figure 39. 


11.3 1/O Status Register 0 (IOSO) 


There are two I/O Status registers, IOSO and IOS1. 
IOSO, located at 0015H, holds the current status of the 
HSO lines and CAM. The status bits of IOSO are 
shown in Figure 40. 


SELECT PWM / SELECT P2.5 

EXTERNAL INTERRUPT ACH7 / EXTINT 

TIMER 1 OVERFLOW INTERRUPT ENABLE / DISABLE 
TIMER 2 OVERFLOW INTERRUPT ENABLE / DISABLE 
HSO.4 OUTPUT ENABLE / DISABLE 

SELECT TXD / SELECT P2.0 

HSO.5 OUTPUT ENABLE / DISABLE 


HS! INTERRUPT 
FIFO FULL / HOLDING REGISTER LOADED 


Be 
Ea 
2 
5 
a 
Na 


270250-38 


Figure 39. |/O Control Register 1 (1OC1) 


HSO.0 CURRENT STATE 
HSO.1 CURRENT STATE 
HSO.2 CURRENT STATE 
HSO.3 CURRENT STATE 


HSO.4 CURRENT STATE 

HSO.5 CURRENT STATE 

CAM OR HOLDING REGISTER IS FULL 
HSO HOLDING REGISTER IS FULL 


270250-39 


Figure 40. I/O Status Register 0 (IOSO) 
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SOFTWARE TIMER O EXPIRED 
SOFTWARE TIMER 1 EXPIRED 
SOFTWARE TIMER 2 EXPIRED 
SOFTWARE TIMER 3 EXPIRED 
TIMER 2 HAS OVERFLOW 
> TIMER 1 HAS OVERFLOW 
HS! FIFO IS FULL 
HS! HOLDING REGISTER DATA AVAILABLE 


_ 270250-40 


Figure 41. HSIO Status Register 1 (10S1) 


11.4 1/O Status Register 1 (1OS1) 


IOS1 is located at 016H. It contains status bits for the 
timers and the HSI/O. The positions of these bits are 
shown in Figure 41. 


Whenever the processor reads this register all of the 
time-related flags (bits 5 through 0) are cleared. This 
applies not only to explicit reads such as: 


LDB AL,IOS1 
but also to implicit reads such as: 
JB _10S1.3,somewhere_else 


which jumps to somewhere__else if bit 3 of IOS1 is set. 
In most cases this situation can best be handled by hav- 
ing a byte in the register file which is used to maintain 
an image of lower five bits of the register. Any time a 
hardware timer interrupt or a HSO software timer in- 
terrupt occurs the byte can be updated: 


ORB I0Sl_image,IOS1 


leaving IOS1__image containing all the flags that were 
set before plus all the new flags that were read and 
cleared from IOS1. Any other routine which needs to 
sample the flags can safely check IOS1__image. Note 
that if these routines need to clear the flags that they 
have acted on, then the modification of IOS1__image 
must be done from inside a critical region (see Section 
4.4). 
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12.0 WATCHDOG TIMER 


The WatchDog Timer (WDT) provides a means to re- 
cover gracefully from a software upset. When the 
watchdog is enabled it will initiate a hardware reset 
unless the software clears it every 64K state times. 


The WDT is implemented as an 8-bit timer with an 
8-bit prescaler. The prescaler is not synchronized, so 
the timer will overflow between 65280 and 65535 state 
times after being reset. When the timer overflows it 
pulls down the RESET pin for at least two state times, 
resetting the 8096BH and any other devices tied to the 
RESET line. If a large capacitor is connected to the 
line, the pin may take a long time to go low. This will 
effect the length of time the pin is low and the voltage 
on the pin when it is finished falling. Section 1.4 of the 
Hardware Design chapter contains more information 
about reset hardware connections. 


The WDT is enabled the first time it is cleared. Once it 
is enabled, it can only be disabled by resetting the 
8096BH. The internal bit which controls the watchdog 
can typically maintain its state through power glitches 
as low as Vgg and as high as 7.0V for up to one millisec- 
ond. 


The 8X9X devices do not have the extra glitch protection 
on the WDT enable bit. 


Enabling and clearing the WDT is done by writing a 
“01EH” followed by a “OE1H” to the WDT register at 
location OAH. This double write is used to help prevent 
accidental clearing of the timer. 


12.1 Software Protection Hints 


Glitches and noise on the PC board can cause software 
upsets, typically by changing either memory locations 
or the program counter. These changes can be internal 
to the chip or be caused by bad data returning to the 
chip. 


There are both hardware and software solutions to 
noise problems, but the best solution is good design 
practice and a few ounces of prevention. The software 
can be designed so that the watchdog times out if the 
program does not progress properly. The watchdog will 
also time-out if the software error was due to ESD 
(Electrostatic Discharge) or other hardware related 
problems. This prevents the controller from having a 
_ malfunction for longer than 16 milliseconds if a 12 
MHz oscillator is used. 


When using the WDT to protect software it is desirable 
to reset it from only one place in code. This will lessen 
the chance that an undesired WDT reset will occur. 
The section of code that resets the WDT should moni- 
tor the other code sections for proper operation. This 
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can be done by checking variables to make sure they _ 


are within reasonable values. Simply using a software 
timer to reset the WDT every 15 milliseconds will not 
provide much protection against minor problems. 


It is also recommended that unused areas of code be 
filled with NOPs and periodic jumps to an error routine 
or RST (reset chip) instructions. This is particularly 
important in the code around lookup tables, since if 
lookup tables are executed undesired results will occur. 
Wherever space allows, each table should be surround- 
ed by 7 NOPs (the longest 8096 instruction has 7 bytes) 
and a RST or jump to error routine instruction. Since 
RST is a one-byte instruction, the NOPs are not needed 
if RSTs are used instead of jumps to an error routine. 
This will help to ensure a speedy recovery should the 
processor have a glitch in the program flow. Since RST 
instruction has an opcode of OFFH, pulling the data 
lines high with resistors will cause an RST to be execut- 
ed if unimplemented memory is addressed. 


12.2 Disabling The Watchdog 


The watchdog should be disabled by software not ini- 
tializing it. If this is not possible, such as during pro- 
gram development, the watchdog can be disabled by 
holding the RESET pin at 2.0V to 2.5V. Voltages over 
2.5V on the pin could quickly damage the part. Even at 
2.5V, using this technique for other than debugging 
purposes is not recommended, as it may effect long 
term reliability. It is further recommended that any 
part used in this way for more than several seconds, not 
be used in production versions of products. Section 1.6 
of the Hardware Design chapter has more information 
on disabling the Watchdog Timer. 


13.0 RESET 


13.1 Reset Signal 


As with all processors, the 8096BH must be reset each 
time the power is turned on. This is done by holding the 
RESET pin low for at least 2 state times after the power 
supply is within tolerance and the oscillator has stabi- 
lized. 


On 8X9X devices the RESET pin must be held low long 
enough for the power supply, oscillator and back-bias 
generator to stabilize. Typically, the back-bias generator 
requires one millisecond to stabilize. 


After the RESET pin is brought high, a ten state reset 
sequence is executed. During this time, the Chip Con- 
figuration Byte (CCB) is read from location 2018H and 
written to the 8096BH Chip Configuration Register 
(CCR). If the voltage on the EA pin selects the inter- 


17-43 


fee - 
< fe ae 
= 


McS® 


nal/external execution mode the CCB is read from in- 
ternal ROM/EPROM. If the voltage on the EA pin 
selects the external execution only mode the CCB is 
read from external memory. 


The 8096BH can be reset using a capacitor, 1-shot, or 
any other method capable of providing a pulse of at 
least 2 state times longer than required for Vcc and the 
oscillator to stabilize. 


For best functionality, it is suggested that the reset pin 
be pulled low with an open collector device. In this 
way, several reset sources can be wire ORed together. 
Remember, the RESET pin itself can be a reset source 
when the RST instruction is executed or when the 
Watchdog Timer overflows. Details of hardware sug- 
gestions for reset can be found in Section 1.4 of the 
Hardware Design chapter. 


13.2 Reset Status 


The I/O lines and control lines of the 8096BH will be 
in their reset state within 2 state times after reset is low, 
with Vcc and the oscillator stabilized. Prior to that 
time, the status of the I/O lines is indeterminate. After 
the 10 state time reset sequence, the Special Function 
Registers will be set as follows: 


Register Reset Value 


Port 1 11111111B 
Port 2 110XXXX1B 
Port 3 AAA AIAAB 
Port 4 11111111B 
PWM Control OOH 
Serial Port (Transmit) undefined 
Serial Port (Receive) undefined 
Baud Rate Register undefined 
Serial Port Control XXXXOXXXB 
Serial Port Status X00XXXXXB 
A/D Command undefined 
A/D Result undefined 
Interrupt Pending undefined 
Interrupt Mask 00000000B 
Timer 1 0000H 
Timer 2 OOOOH 
Watchdog Timer OO000H 
HSI Mode 11111111B 
HSI Status undefined 
lOSO 00000000B 
lOS1 00000000B 
lOCO X0X0X0X0B 
lOC1 X0X0XXX1B 
HSI FIFO empty 
HSO CAM empty 
HSO lines 000000B 
PSW 0000H 
Stack Pointer undefined 
Program Counter 2080H 


Figure 42. Register Reset Status 
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Other conditions following a reset are: 


ALE (8X9X) 
Figure 43. Bus Control Pins Reset Status 


It is important to note that the Stack Pointer and Inter- 
rupt Pending Register are undefined, and need to be 
initialized in software. The Interrupts are disabled by 
both the mask register and PSW.9 after a reset. 


13.3 Reset Sync Mode 


The RESET line can be used to start the 8096BH at an 
exact state time to provide for synchronization of test 
equipment and multiple chip systems. RESET is active 
low. To synchronize parts, RESET is brought high on 
the rising edge of XTALI. Complete details on syn- 
chronizing parts can be found in Section 1.5 of the 
Hardware Design chapter. 


It is very possible that parts which start in sync may 
not stay that way. The best example of this would be 
when a “jump on I/O bit” is being used to hold the 
processor in a loop. If the line changes during the time 
it is being tested, one processor may see it as a one, 
while the other sees it as a zero. The result is that one 
processor will do an extra loop, thus putting it several 
states out of sync with the other. 


14.0 QUICK REFERENCE 


14.1 Pin Description 


On the 48-pin parts the following pins are not bonded 
out: Portl, PortO (Analog In) bits 0-3, T2CLK (P2.3), 
T2RST (P2.4), P2.6, P2.7, CLKOUT, INST, NMI, 
BUSWIDTH (TEST on 8X9X devices). 
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PIN DESCRIPTIONS 


| Symbol Name and Function 


Main supply voltage (5V). 
Digital circuit ground (OV). 

Vpp RAM standby supply voltage (5V). This voltage must be present during normal operation. In 
a Power Down condition (i.e. Vcc drops to zero), if RESET is activated before Voc drops 
below spec and Vpp continues to be held within spec., the top 16 bytes in the Register File 
will retain their contents. RESET must be held low during the Power Down and should not 
be brought high until Vcc is within spec and the oscillator has stabilized. See Section 2.3. 

VREF Reference voltage for the A/D converter (5V). Vrer is also the supply voltage to the analog 
portion of the A/D converter and the logic used to read Port 0. See Section 8. 

ANGND Reference ground for the A/D converter. Should be held at nominally the same potential as 
Vss. See Section 8. 

Vpp Programming voltage for the EPROM parts. It should be + 12.75V when programming and 

Vep(8X9X) | will float to 5V otherwise. It should not be above 5.5V on other than EPROM parts. This pin 
is Veg on 8X9X parts. Systems that have this pin connected to ANGND through a 
capacitance (required on 8X9X parts) do not need to change. 

XTAL1 Input of the oscillator inverter and of the internal clock generator. See Section 1.5. 

XTAL2 Output of the oscillator inverter. See Section 1.5. 

CLKOUT Output of the internal clock generator. The frequency of CLKOUT is 14 the oscillator 
frequency. It has a 33% duty cycle. See Section 1.5 

RESET Reset input to the chip. input low for at least 2 state times to reset the chip. The subsequent 

. low-to-high transition re-synchronizes CLKOUT and commences a 10-state-time sequence 
| in which the PSW is cleared, a byte read from 2018H loads CCR, and a jump to location 
2080H is executed. Input high for normal operation. RESET has an internal pullup. (The 
read from 2018H is not done on 8X9X parts). See Section 13. 
BUSWIDTH | Input for buswidth selection. If CCR bit 1 is a one, this pin selects the bus width for the bus 
TEST(8X9xX) | cycle in progress. If BUSWIDTH is a 1, a 16-bit bus cycle occurs. If BUSWIDTH is a 0 an 


8-bit cycle occurs. If CCR bit 1 is a 0, the bus is always an 8-bit bus. This pin is the TEST pin 
on 8X9X parts. Systems with TEST tied to Vcc do not need to change. If this pin is left 
unconnected, it will rise to Voc. See Section 2.7. 


A positive transition causes a vector to external memory location OOOOH. External memory 
from OOH through OFFH is reserved for Intel development systems. 


INST Output high during an external memory read indicates the read is an instruction fetch. INST 


EA 
1 EA = +12.5V causes execution to begin in the Programming mode on EPROM parts. EA 


has an internal pulldown, so it goes to 0 unless driven otherwise. 
ALE/ADV Address Latch Enable or Address Valid output, as selected by CCR. Both pin options 


provide a latch to demultiplex the address from the address/data bus. When the pin is ADV, 
it goes inactive high at the end of the bus cycle. ADV can be used as a chip select for 
external memory. ALE/ADV is activated only during external memory accesses. (The ADV 


function is not available on 8X9X parts). See Section 2.7. 


Read signal output to external memory. RD is activated only during external memory reads. 


is valid throughout the bus cycle. 


Input for memory select (External Access). EA equal to a TTL-high causes memory — 
accesses to locations 2000H through 3FFFH to be directed to on-chip ROM/EPROM. EA 
equal to a TTL-low causes accesses to these locations to be directed to off-chip memory. 
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Write and Write Low output to external memory, as selected by the CCR. WR will go low for 
every external write, while WRL will go low only for external writes where an even byte is 
being written. WR/WRL is activated only during external memory writes. (The WRL function 
is not available on 8X9X parts). See Section 2.7. 


Bus High Enable or Write High output to external memory, as selected by the CCR. BHE = 
0 selects the bank of memory that is connected to the high byte of the data bus. AO = 0 
selects the bank of memory that is connected to the low byte of the data bus. Thus 
accesses to a 16-bit wide memory can be to the low byte only (AO = 0, BHE = 1), to the 
high byte only (AO = 1, BHE # = 0), or both bytes (AO = 0, BHE = 0). If the WRH function 
is selected, the pin will go low if the bus cycle is writing to an odd memory location. (The 
WBH function is not available on 8X9X parts). See Section 2.7. 


s 


Ready input to lengthen external memory cycles, for interfacing to slow or dynamic memory, 
or for bus sharing. If the pin is high, CPU operation continues in a normal manner. If the pin 
is low prior to the falling edge of CLKOUT, the Memory Controller goes into a wait mode 
until the next positive transition in CLKOUT occurs with READY high. The bus cycle can be 
lengthened by up to 1 ws. When the external memory is not being used, READY has no 
effect. Internal control of the number of wait states inserted into a bus cycle held not ready 
is available through configuration of CCR. READY has a weak internal pullup, so it goes to 1 
unless externally pulled low. (Internal control of the number of wait states is not available on 
8X9X parts). See Section 2.7. 


Inputs to High Speed Input Unit. Four HSI pins are available: HSI.0, HSI.1, HSI.2, and HSI.3. 
Two of them (HSI.2 and HSI.3) are shared with the HSO Unit. The HSI pins are also used as 
inputs by EPROM parts in Programming mode. See Section 6. 


Outputs from High Speed Output Unit. Six HSO pins are available: HSO.0, HSO.1, HSO.2, 
HSO.3, HSO.4, and HSO.5. Two of them (HSO.4 and HSO.5) are shared with the HS! Unit. 
See Section 7. 


8-bit high impedance input-only port. These pins can be used as digital inputs and/or as 
analog inputs to the on-chip A/D converter. These pins are also a mode input to EPROM 
parts in the Programming mode. See Section 10. 


8-bit multi-functional port. Six of its pins are shared with other functions in the 8096BH, the 
remaining 2 are quasi-bidirectional. These pins are also used to input and output control 
signals on EPROM parts in Programming Mode. See Section 10. 


Ports 3 and 4 | 8-bit bi-directional |/O ports with open drain outputs. These pins are shared with the 


multiplexed address/data bus which has strong internal pullups. Ports 3 and 4 are also used 
as a command, address and data path by EPROM parts operating in the programming 
mode. See Sections 2.7 and 10. 
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14.2 Pin List 


The following is a list of pins in alphabetical order. 
Where a pin has two names it has been listed under 
both names, except for the system bus pins, ADO- 
AD15, which are listed under Port 3 and Port 4. 


ACHO/P0.0 
ACH1/P0.1 
ACH2/P0.2 
ACH3/P0.3 
ACH4/P0.4/MOD.0 
ACH5/P0.5/MOD.1 
ACH6/P0.6/MOD.2 
ACH7/P0.7/MOD.3 
ALE/ADV 

ANGND 
BHE/WRH 
BUSWIDTH (TEST) 
CLKOUT 

EA 
EXTINT/P2.2/PROG 
HSI.0 

HSI.1 

HSI.2/HSO.4 
HSI.3/HSO.5 
HSO.0 

HSO.1 

HSO.2 

HSO.3 
HSO.4/HSI.2 
HSO.5/HSI.3 

INST 

NMI 
PWM/P2.5/PDO 
PALE/P2.1/RXD 
PROG/P2.2/EXTNT 
PVER/P2.0/TXD 
P0.0/ACHO 
P0.1/ACH1 
P0.2/ACH2 
P0.3/ACH3 3 
P0.4/ACH4/MOD.0 
PO.5/ACH5/MOD.1 
PO.6/ACH6/MOD.2 
PO.7/ACH7/MOD.3 
P1.0 

P1.1 

P1.2 

P1.3 

P1.4 

P1.5 


68-Pin | 68-Pin | 48-Pin 
PLCC PGA DIP 


P1.6 

P1.7 
P2.0/TXD/NER 
P2.1/RXD/PALE 
P2.2/EXTINT 
P2.3/T2CLK 
P2.4/T2RST 
P2.5/PWM/PDO 
P2.6 

P2.7 

P3.0/AD0O 
P3.1/AD1 
P3.2/AD2 
P3.3/AD3 
P3.4/AD4 
P3.5/AD5 
P3.6/AD6 
P3.7/AD7 
P4.0/AD8 
P4.1/AD9 
P4.2/AD10 
P4.3/AD11 
P4.4/AD12 
P4.5/AD13 
P4.6/AD14 
P4.7/AD15 

RD 

READY 

RESET 
RXD/P2.1 
SALE/PVER/P2.0 
SPROG/PDO/P2.5 
TXD/P2.0 
T2CLK/P2.3 
T2RST/P2.4 
VBB 

VCC 

VPD 

VREF 

VSS 

VSS 

WR/WRL 
WRH/BHE 
XTAL1 

XTAL2 


The Following pins are not bonded out in the 48-pin 
package: 


P1.0 through P1.7, P0.0 through PO.3, P2.3, P2.4, P2.6, 
P2.7 CLKOUT, INST, NMI, TEST, T2CLK (P2.3), 
T2RST (P2.4). 
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14.3 Packaging 


The MCS-96 products are available in 48-pin and 68-pin packages, with and without A/D, and with and without on- 
chip ROM or EPROM. The MCS-96 numbering system is shown below. Section 14.4 shows the pinouts for the 48- 
and 68-pin packages. The 48-pin version is offered in a Dual-In-Line package while the 68-pin versions come in a 
Plastic Leaded Chip Carrier (PLCC), a Pin Grid Array (PGA) or a Type “B” Leadless Chip Carrier. 


The MCS®-96 Family Nomenclature 


Without A/D With A/D 


ROMless 
809XBH 


EPROM 
879XBH 


ROMless 

8096 ca A8096-90 - Ceramic PGA A8097-90 - Ceramic PGA 

N8096-90 - PLCC N8097-90 - PLCC . 
48 Pin C8395-90 - Ceramic DIP 

ROM P8395-90 - Plastic DIP 

8396 wa fa A8396-90 - Ceramic PGA A8397-90 - Ceramic PGA 
N8396-90 - PLCC N8397-90 - PLCC 

Transistor Count MTBF Caiculations* 


Device Type #MOS Gates 3.8 X 107 Device Hours @ 55°C 
839X/879X 120,000 - 1.7 X 107 Device Hours @ 70°C 
809X 50,000 *MTBF data was obtained through calculations based upon the actu- 


al average junction temperatures under stress at 55°C and 70°C 
Thermal Characteristics 


ambient. 
Package Type poe |e 


LCC 


EXPRESS 
Desc [wwe [Poa 
Pi ee pare 

Presi [eee | — 
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HSI2/HSO04 
HSI3/HS05 


43) ACH4/P0.4 


Pins Facing Down 


17151311975 3 1 
181916141210 8 6 4 268 
20 21 a 67 66 
22 23 Mion 26 65 64 


68 PIN 
24 25 GRID ARRAY 63 62 
61 60 


26 27 


TOP VIEW 


28 29 
30 31 
32 33 


LOOKING DOWN ON 
COMPONENT SIDE 
OF PC BOARD 


59 58 
57 56 
55 54 


ACH5/PO.5 


eee EP ET EEE LE ERO Le oO ool ti 
— a 2 
270250-42 So oS a oe OMe aieie ao 
ARACEAE RER >= > gg Pele gs 
= ee ian os Ee = Swe! Hed pony ose 
“ a2ix oa 
m) 2/5 |& G 
48-Pin Package a =F 15 2 
- Ss 


a ty eat 


Seren Se Wick 


we 
°o 
Ls) 
ton) 
ao 
a 
™N 
a 
ton) 
fe.) 
ui 
i) 
> 
oa 
w 
oa 
NS 
an 
— 


68-Pin Package (PLCC - Top View) 


' 2-35 @ 3S 6 7 8:3 1001 1215 14 15-1617 


cs” 96 


68 PIN 
LEADLESS CHIP CARRIER 
TYPE "B” 
(EPROM ONLY) 


TOP VIEW 


-s—- sr 
get Ot ee 
oe 
Pn 


60) ADO /P3.0 
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Reagonn : ; 
RXD/P2.1 eexeeee 56 | 2% 
eh eS oe 
47 (2) EXTINT/P2.2 noNOH 4 SP Qs ae ok 
SSESESEZEZZ « SRE ENS BY 0 ‘3 
<2<2<222z2l8 > rkkoaZz le oa 
BO) OT 6 0 oo oo 7 
iF 64 52 1 


4212) ACH5/P0.5 ACH4/P0.4 C11 59) AD1/P3.1 
4112) ACH7/PO.7 ANGND CJ 12 58 [J AD2/P3.2 5 
40 FJ ACH6/PO0.6 Veer C4 13 57 (7) AD3/P3.3 & 
39 IEA Vpp C4 14 _® 561) AD4/P3.4 ; 
® MCS =96 
MCS -96 EXTINT/P2.2 CJ 15 68 PIN 5520 ADS /P3.5 e 
ei ‘OF RESET CJ 16 PLCC 5410) AD6/P3.6 
ae A n RXD/P2.1 CJ 17 530 AD7/P3.7 
WRL/WR 
wc TXD/P2.0 CJ 18 o y 
WE C D/P2 ae 5212) AD8/P4.0 
es P1.009 19 LOOKING DOWN ON 511 AD9/P4.1 
P1.1 4 20 COMPONENT SIDE 50(-) AD10/P4.2 
AD15/P4.7 (4 17 32[0) AD0/P3.0 OF PC BOARD 
AD14/P4.6 C] 18 31 [2 Ap1/P3.1 P1203 21 49F ADI1/P4.3 
AD13/P4.5 C] 19 3010 AD2/P3.2 P1.3 Ch 22 48 FI AD12/P4.4 
AD12/P4.4 CJ 20 2912 AD3/P3.3 P1.40) 25 47) AD13/P4.5 
AD11/P4.3 CJ 21 ‘2890 AD4/P3.4 HSI0 Cf 24 46) AD14/P4.6 
AD10/P4.2 Cy 22 27 ADS/P3.5 HsI1 CJ 25 45) AD15/P4.7 
AD9/P4.1 CJ 23 261) AD6/P3.6 HS12/HS04 C26 441) T2CLK/P2.3 
AD8/P4.0 © 252) AD7/P3.7 4 


LOOKING DOWN ON 
COMPONENT SIDE 
OF PC BOARD 


34 36 38 40 42 44 46 48 50 53 52 
35 37 39 41 43 45 47 49 51 
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68-Pin Package 
(Pin Grid Array - Top View) 


51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 
270250-45 


68-Pin Package (LCC - Top View) 
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MC s.984 ARCHITECTURAL OVERVI wo 


; Aga ME rae, Ate 
oe : Vary tte 


14.5 PGA, PLCC and LCC Function Pinouts 


PGA/ PGA/ PGA/ 
Lec PLCC Description Lcc PLCC Description Lec PLCC Description 


ACH6/P0.6/PMOD.2 

ACH2/P0.2 

ACHO/PO.0 

ACH1/PO.1 

ACHS/PO.3 

M [se wee 

voc ee ee Te ee 
ce a Se a 
67__XTALt 
2 66 _XTAL2 
1365 CLKOUT 
1464 BUSWIDTH 
5 INST 
16 62  ALE/ADV PWM/P2.5/PDO/S 
61 

8 60 _ADO/P3.0 ene we 
AD1/P3.1 [aoe ew a 

058 _AD2/P3.2 
57__AD3/P3.3 

2 AD4/P3.4 
23 AD5/P3.5 co RE EE 


ce) 


& 1|@O /}PM 
N | @ 


ODINID|O 
=| 1o/; [A] 
m| |Z 
I 


<e) 


pails 
i 
re) 
fee) 
< 
10) 
i?) 


—_ 
— 


) 


! 


mi Rod, 
N 
: 
O 


it 
co 


—_ 
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14.6 Memory Map 


POWER=DOWN 
RAM 


INTERNAL 
REGISTER FILE 
(RAM) 


STACK POINTER STACK POINTER 


RESERVED 


SP_STAT 
10 PORT 2 

10 PORT 1 

lO PORT 0 

TIMER2 (HI) 

TIMER2 (LO) 

TIMER1 (HI) 

TIMER1 (LO) 

INT_PENDING 

INT_MASK 

SBUF (RX) 

HSI_STATUS 

HSI_TIME (HI) 

HSI_TIME (LO) 

AD_RESULT (HI) 

AD_RESULT (LO) 

RO (HI) 

RO (LO) RO (LO) 


NW ko OMN DO OG 


(WHEN READ) (WHEN WRITTEN) 


NOTE: 
*Registers marked by an asterisk are not present on 8X9X devices 
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‘2 


EXTERNAL MEMORY 
OR 1/0 


INTERNAL PROGRAM 
STORAGE ROM/EPROM 
OR 
EXTERNAL MEMORY 


RESERVED. 


. SECURITY KEY 


EXTERNAL MEMORY 
OR 1/0 


INTERNAL RAM 
REGISTER FILE 
STACK POINTER 
SPECIAL FUNCTION REGISTERS 
(WHEN ACCESSED AS DATA MEMORY) 


2080H 


2030H - 207FH 


2020H = 202FH 
201CH = 201FH 
201AH = 201BH 
2019H 
2018H 
2012H = 2017H 


0000H 


270250-5 


os 
weenie | Operation ote) a ee = 


ADOMADOS, «| 2 [De DtA oe eee 
PADDYADOB | 8 | Ds B A) le ee ee 


PADDC/ADDCE | 2 |D<-DtA+G 0 ee | Te 
Cae a ee er ee ee ee Ae RE i 
SUBISUBR | 9: Oe Be ee ee ee 
SUBCABUBCE.| 2 | DesD-AtCat ee ea 
OMPICNER I | 2 TDR ee 
PMUL/MOLUY | "2 PODS DAE ee 
PMOLIMULUY | 8 OOS 2 BPA ea eer eee 
TTETCU EAS ae oe 0: SD eel 2 MO es ead Ero SS St 
PMULB/MULUB |S BTA ee 
pivu | 2 [DS D+ 2VAD+2 + remainder |—|—|—[e| T|—| 2 | 
DUB | 2 | D (0,0 + 1)/A,D +1 < remainder |—|—|—| | fT [—| 3 | 
lov [2 [>= D+ aAD+2 = remand |—[—[=[71t] =] 
DVB | 2 et IAD + 1 < remainder fete EO 
EANDYANDE)|— |. 2. Dis Gand Ag ees ocr es ee 
PAND/ANDS «|. 9. [-Deee Banda ee Por ae 
POR/ORB 'i---|--2-. pte Doe Asn RO re en ee 
| XOR/XORB (~[ 2" |-Doe—-Diexch oA ee 0 FO eee 
Pits Ml Se ae ee bal i eReader eS 
ce a ae ae se ee MES Fe soe PER OTL 
[pase | 2 JD eA + SONAY Se ee ee ee 
(rs ee ee Oo eta cae a ee ae ee 
POSH fd SESE EP A fe pf 
PROP te oP SP eee sre eter eee 


PUSHF SP <= SP — 2; (SP) <— PSW; 
PSW < 0000H | <0 


poorer ee ee ee v 
[a CST 
HNP He bt feet eat 
Bere Hise ns M28 Koma 


SCALL 1 oF <— SP — 2:(SP) < PC; 
PC < PC + 11-bit offset 

LCALL SP <— SP — 2;(SP) <— PC; 
PC < PC + 16-bit offset 


i: a AS Sk a ee Ee Pe ES SS 

a a REL 
Ct Gee "le rs Fs ee es 
EL ae Fe annie cand ee Sa 
TE EN 


NOTES: 

1. If the mnemonic ends in “B”’, a byte operation is performed, otherwise a word operation is done. Operands D, B, and A 
must conform to the alignment rules for the required operand type. D and B are locations in the Register File; A can be 
located anywhere in memory. 

2.D, D + 2 are consecutive WORDS in memory; D is DOUBLE-WORD aligned. 

3. D, D + 1 are consecutive BYTES in memory; D is WORD aligned. 

4. Changes a byte to a word. 

5. Offset is a 2’s complement number. 
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ate 


 MCS®-96 ARCHITECTURAL OVERVIEW 


Operation (Note 1) 


Pot Sy a 
dump PN dS eh i eee 
Se cera cae jumpiiN= OandZ = 0 
LE tt umpitN$=torzZ=1 dT | | — |---| 5 
we ie] 4) | dump C = Tandz ='0 
ONE | 1, | dumpitC = 00rZ = 1 
2 eS ee Jump if V = 4 


i 
et 
Rea 


Jump if asi Bit = 1 
Jump if Specified Bit = 


D<—D-1; aa 
PC <— PC + 8-bit offset 


DEC/DECB | 1 |D—D-1 

meonecs | (De 0-0 ye. elo Pl 
SNR EE Re ES ag 8 ee ee ta Oo ASS eS Se) 
i> 2a BS Ee) ea oe ES 

Exe Sn) eee a 
BPOPYNOTS S| | A) Ds LogoaiNG De | oo Pe 
RE EES A ACN 9 


SHR/SHRB/SHRL | 2  |0—> msb 
SHRA/SHRAB/SHRAL | 2 | msb — msb 


C<— 1 


SS TE ee Es ee 
(a ee Ye eee ES I Se ee ee 
(ES BS LCC? Be ae ES eS eS 
SAR BE A eee nd ESS aE, 
etc bt} o oop 
[NORML | 2 | Left shift till msb = 1;D < shiftoount | * | ? | 0 | —| — | — | 


TRAP Se © Soe ory Ss PC 
PC <— (2010H) 


NOTES: 

1. If the mnemonic ends in ‘“B’’, a byte operation is performed, otherwise a word operation is done. Operands D, B and A 
must conform to the alignment rules for the required operand type. D and B are locations in the Register File; A can be 
located anywhere in memory. 

5. Offset is a 2’s complement number. 

6. Specified bit is one of the 2048 bits in the register file. 

7. The “L” (Long) suffix indicates double-word operation. 

8. Initiates a Reset by pulling RESET low. Software should re-initialize all the necessary registers with code starting at 
2080H. 

9. The assembler will not accept this mnemonic. 
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. = Sees eae ee yee alia 6 Be Ril ee ll Bigs os Se NN ot Po eee E wee a ae wl 
<— Pie teks pitt suit er ee Sareea oy nae Oye SIE Ne eT ae ie he 


14.8 ] and State Time Listing 


a a 


@S3WIL 
O3LVLS 


ig BN PA Bee gad hd Goad Bey aed Bae 
~—lolrloleix!l x] slrla 


@S3nWiL SPSS Sholay SS Stopol e 
OILWLS| [SIS S/S] SSL S/S S/S] Sl Sl Sis} [51x 


LONG 


INDEXED® 


ame) Eels lt Pls batelfelele ole 


SHORT 


jams ll nace 

6 OBLVLS | [RSS SPSS Sp apSpspSpSlsp el] RAS alAisl al Sj Slal ais 

£38 Sia =| mel als(ol slalnlelol lois ol + elas) al |e] ] s| 

Ga] sme Sil slecielsel| [elaala elaine 

a\lz oalvis |2 SSS Sis Bias Ss 2 

z\= 

| ae i Se Biel =|o[<[e[o[o] [ol] <[alslolo} [ol s|a] ent efo[o[ [=] >| 

[aeoouo| 53] |=|=| 23] 2|5]/2]=]8]5]5] |a|s|e|#[6[o|ololalslolo 

BE SCRTEWOGWuSVaNNGCoVearUarGs 

‘Z aLvis | = 

ra) ra 

= bra Fatal atolstatetaltntetatetaltalelclatolatelctelelete 

= | __300040} [3] | =|4/2]3]2|3/2/9]2[2/2/8] [2[2|2]9]6]e|6]9/2]5]0]6 
__ ESE et 

3 ALVLS 

Ad 

as RT) Be 


74 
54 
A4 


ADDCB pen 2 fae 


Ss ieapasece 


= = = - 
315 a | = 


Beant COGcEEE 
| SONVHdO. 


RIGIE 
3p 58 | 
2 tats 


UB 


MUL 
DIVU 


46 


270250- 


*Long indexed and Indirect + instructions have identical opcodes with Short indexed and Indirect modes, respectively. The 


second byte of instructions using any Indirect or indexed addressing mode specifies the exact mode used. If the second 
byte is even, use Indirect or Short indexed. If it is odd, use Indirect + or Long indexed. In all cases the second byte of the 


instruction always specifies an even (word) location for the address referenced. 


® Number of state times shown for internal/external operands. 


NOTES: 


appended as a 


@® The opcodes for signed multiply and divide are the opcodes for the unsigned functions with an “FE 


prefix. 


® State times shown for 16-bit bus. 
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ve ab i £ * i wa - — » “4 
ae A r & eS el! eres —. ae ee od avr. ss RA tT ae mi, + pew ee e a a ee eee . at 
af fx F 6 cil : a ~ . = , sg ed i ‘ ; as. 5 ¢ 

bee : # - a. <= Ps oie 4 “iy ee are iy SR Bea a J <a 


m 0 ee (x: x 
aay ss i i 
; * re $ or 
Heys CT e tee Ss 
ao” 1 ¥ : > 


intel - MCS®-96 ARCHITECTURAL OVERVIEW 


INDIRECT® INDEXED® 
ve |___INOIRECT® 
pies EAT NORMAL /|AUTO-INC.) SHORT 


OPERANDS 
OPCODE 
BYTES 
STATE 
TIMES 
OPCODE 
BYTES 
STATE 
TIMES 
OPCODE 
OPCODE 
STATE® 
TIMES® 
BYTES 
STATE® 
TIMES® 


3 
C 
a 
LOGICAL INSTRUCTIONS 
AND | 2{oo/3] 4 [ofa] 5 | 62/3} om [3] m2 |o3ta} on [5] m2 | 
AND | 3} 4ola] 5 [ar{s| 6 | 42/4] m2 [4] a3 | a3{s] m2 [ol a3 
ANDB | 2} 70/3| 4 [73] 4 | 72/3] oi {3} m2 {73/4 oat [5] m2 
aNDe FST SEPALS fea ae LB PSS 2 bo Ba 
for | 2{so{3] 4 feria] 5 | s2{3} on [3] m2 | aia} on [5] m2 | 
orB | 2{90/3] 4 [ol3| 4 | 92/3} on [3] m2 {93 fa] on [5] mz | 
xor_ | 2{ 84/3] 4 |asia] 5 | s6[3} oi [3] m2 ert] on [s| mie | 
xoRB | 2{ 94/3] 4 | 95/3] 4 | 96 [3] ot [3] m2 }o7fa] on [s] m2 | 
DATA TRANSFER INSTRUCTIONS 
arta] 5 | a2t3} oi [3] m2 [a3}a] oa [5] m2 | 
Bi }3| 4 | p2i3} on | 3] m2 {Balaton |s] m2 | 
ee Ee ee rh Oe ee 
[— || —— [é6}-3{ mi -{3]-842 [er {4 an 45] 802 
BD] 3] 4 | BE{3| oi [3] 712 |BF| 4] oi | 5| m2 | 
aD] 3] 4 | ae{3] oti [3] 72 aris] oi [5s] m2 | 


1620 
LS ies 
gee ome 
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NOTES: 

® Number of state times shown for internal/external operands. 

@ The assembler does not accept this mnemonic. 

® The least significant 3 bits of the opcode are concatenated with the following 8 bits to form an 11-bit, 2’s complement, 
offset for the relative call or jump. 

® State times for stack located internal/external. 

® State times shown for 16-bit bus. 
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he a eR ae a ROR a a eee FES TERK. 
es ee se = oe 
: & Ble xs : eS ae Se - ~e rs % “ a etd f 
eae ae a; nee 4 ee z : E fu Shae. : : 
3 s. * ae gh aS “yes ; “ aes - ee = mY = eee Neat qe ie é te eh i : 4 ‘ee = ea 
intel --MCS®-96 ARCHITECTURAL OVERVIEW pe te 
CONDITIONAL JUMPS 


-enome | orcove | wnenome | orcooe | wewouc | opcooe | wwewone | oPco0e 


LOOP CONTROL 


| MNEMONIC | = OPCODE __ BYTES STATE TIMES 
DUNZ ESS <2 Pas Pair ee 5/9 STATE TIME (NOT TAKEN/TAKEN)(@8) 


Se REGISTER INSTRUCTIONS 


SHIFT Sa ae 


INSTR | WORD | INSTR | BYTE | __ INSTR 
wtenowe [apf | MONG [op =| MONON 
GT a 10 kes cae ane 


Tsun | oe fs | sure |e |e | sum | oc | 9 | 7+1PERSHETO | 
sur [oa [a |suras | 1a] a9 | sHral | oc | 9 | 7+ 1PERSHETO) 


SPECIAL CONTROL INSTRUCTIONS 


TWNEMONIC | OPCODE | BYTES | STATES) [ MNEMONIC | OPCODE | BYTES | STATES 
5 TS Tc a a Oe ra 
Ber otaaneT: aes OP Sn a EMRE Sia eel 
ties he Tt al ka | OO Te 
aie fee | my SR ee 


—_ 


NORMALIZE 
| MNEMONIC | OPCODE. | BYTES STATE TIMES 
~ NORML | OF =| sds 414. + 1 PER SHIFT ee 


NOTES: 

6. This instruction takes 2 states to pull RESET low, then holds it low for 2 states to initiate a reset. The reset takes 12 
states, at which time the program restarts at location 2080H. If a capacitor is tied to RESET, the pin may take longer to go 
low and may never reach the Vo, specification. 

7. Execution will take at least 8 states, even for 0 shift. 

8. State times shown for 16-bit bus. 
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A/D Result LO (02H) 


A/D CHANNEL NUMBER 


STATUS: 


x 
A/D RESULT: 


A/D Command (02H) 


CHANNEL # SELECTS WHICH OF THE 8 
ANALOG INPUT CHANNELS IS TO BE 
CONVERTED TO DIGITAL FORM. 


ki GO INDICATES WHEN THE CONVERSION IS TO 

BE INITIATED (GO = 1 MEANS START NOW, 

GO =0 MEANS THE CONVERSION IS TO BE 

INITIATED BY THE HSO UNIT AT A SPECIFIED TIME). 
270250-51 


0 =A/D CURRENTLY IDLE 
1 =CONVERSION IN PROCESS 


LEAST SIGNIFICANT 2 BITS 


SPCON/SPSTAT (11H) 
270250-48 


BIT1, BITO SPECIFY THE MODE 
OO=MODEO0 10=MODE 2 
01=MODE 1 11=MODE 3 


HSI__Mode (03H) , PEN ENABLE THE PARITY FUNCTION 
REN ENABLES THE RECEIVE FUNCTION 


S12] ito PROGRAMS THE 9TH DATA BIT 


HSI.0 MODE IS THE TRANSMIT INTERRUPT FLAG 
HSI.1 MODE IS THE RECEIVE INTERRUPT FLAG 


HSI.2 MODE IS THE 9TH DATA RECEIVED 
(IF NOT PARITY) 
HS!.5 MODE IS THE PARITY ERROR INDICATOR 


< IF PARITY ACTIVE 
WHERE EACH 2= BIT MODE CONTROL FIELD ( CTIVE) 97028062 


DEFINES ONE OF 4 POSSIBLE MODES: 


00 
01 
10 
11 


HSO Command (06H) | Others: pate = 


8 POSITIVE TRANSITIONS 
EACH POSITIVE TRANSITION d 
EACH NEGATIVE TRANSITION Baud Rate Calculations 


EVERY TRANSITION j 
(POSITIVE AND NEGATIVE) Using XTAL1: 


270250-49 Baud _ XTAL1 frequency | 


x 
Rate 4*(B + 1) As, 


Mode 0: 


Baud _ XTAL1 frequency 
64* (B + 1) 


CHANNEL: 


BIT: 


0=5 HS0.0=HSO.5 Using T2CLK: 
6 HSO.0 AND HSO.1 
7 HSO.2 AND HSO.3 Mode 0: pate 
8=B SOFTWARE TIMERS 


E RESET TIMER2 T2CLK fre 
. Baud _ quency | 
F START A/D CONVERSION » Others: Bate 16°B iB *O 


Ey ARSE Note that B cannot equal 0, except when using 
SET / CLEAR XTALI in other than Mode 0. 


TIMER 2/ TIMER 1 
x 


Baud _ T2CLK frequency — 


x 
5 B+0 


HSIi__Status (06H) 


7{sjsis{sj2iijo 


270250-50 


HSI.0 STATUS 
HSI.1 STATUS 
HSI.2 STATUS 
HSI.3 STATUS 


WHERE FOR EACH 2=BIT STATUS FIELD THE LOWER 
BIT INDICATES WHETHER OR NOT AN EVENT HAS 
OCCURED ON THIS PIN AND THE UPPER BIT INDICATES 
THE CURRENT STATUS OF THE PIN. 
270250-53 
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1OCO (15H) 


HSI.0 INPUT ENABLE / DISABLE 

TIMER 2 RESET EACH WRITE 

HSI.1 INPUT ENABLE / DISABLE 

TIMER 2 EXTERNAL RESET ENABLE / DISABLE 

HSI.2 INPUT ENABLE / DISABLE 

TIMER 2 RESET SOURCE HSI.0 / T2RST 

HSI.3 INPUT ENABLE / DISABLE 

TIMER 2 CLOCK SOURCE HSI.1 / T2CLK 
270250-54 


1OCO (15H) 


T2RST ———O +--10C0.5 
T2 RESET 


*--10C0.3 
° == 10C0.0 


HSI.0 HSI 
+= 1000.2 


ge i Fe 
HSI.1 ay Dp errr TER? 
T2CLK ——=© =- 10C0.7 ACK 
-=- 10C0.4 
2 ee i 
-=- 10C0.6 


HSI.3 a a ee HSI 
270250-55 


10S0 (15H) 


HSO.0 CURRENT STATE 

HSO.1 CURRENT STATE 

HSO.2 CURRENT STATE 

HSO.3 CURRENT STATE 

HSO.4 CURRENT STATE 

HSO.5 CURRENT STATE 

CAM OR HOLDING REGISTER IS FULL 
HSO HOLDING REGISTER IS FULL 

270250-56 


10C1 (16H) 


SELECT PWM / SELECT P2.5 

EXTERNAL INTERRUPT ACH7 / EXTINT 

TIMER 1 OVERFLOW INTERRUPT ENABLE / DISABLE 
TIMER 2 OVERFLOW INTERRUPT ENABLE / DISABLE 
HSO.4 OUTPUT ENABLE / DISABLE 

SELECT TXD / SELECT P2.0 

HSO.5 OUTPUT ENABLE / DISABLE 


HS! INTERRUPT 
FIFO FULL / HOLDING REGISTER LOADED 


a Hd SS ED SH 


270250-57 


Vector Location | Location 


(High | (Low 
Byte) | Byte) 


Software 2010H | Not Applicable 
Extint 200EH | 7 (Highest) 
Serial Port 
Software 

Timers 
HSI.0 

High Speed 

Outputs 

HSI Data 

Available 
A/D Conversion| 2003H 

Complete 
Timer Overflow | 2001H 


10S1 (16H) 


SOFTWARE TIMER O EXPIRED 

SOFTWARE TIMER 1 EXPIRED 

SOFTWARE TIMER 2 EXPIRED 

SOFTWARE TIMER 3 EXPIRED 

TIMER 2 HAS OVERFLOW 

TIMER 1 HAS OVERFLOW 

HS! FIFO IS FULL 

HSI HOLDING REGISTER DATA AVAILABLE 
270250-58 


sy S| ped ed 
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Chip Configuration 


'7]6]5] 4] 3] 2] 1]0]CHIP CONFIGURATION REGISTER 


RESERVED (Set to 1 for 
compatibility with future 
parts) 


BUS WIDTH SELECT 
- (16=BIT BUS /8=BiT BUS) 


WRITE STROBE MODE SELECT 
(WR AND BHE /WRL AND WRH) 

ADDRESS VALID STROBE SELECT 
(ALE / ADV) 


(IRCO) | iNTERNAL READY 
inci) [CONTROL MODE 


(LOCO) | pRoGRAM LOCK 
(LOC1) MODE 


270250-59 


Internal Ready Control 


IRCO Description 


Limit to 1 Wait State 
Limit to 2 Wait States 
Limit to 3 Wait States 
Disable Internal Ready Control 


IRC1 


Program Lock Modes| 
LOCO Protection 
Read and Write Protected 


Loci 


Read Protected 
Write Protected 
No Protection 


Programming Function PMODE Vaiues 


| PMODE | _—ProgrammingMode__| 
pga sin Menaivedt 2 Macnee tga s 
5 | Slave Programming 


Slave Programming Mode Commands 


Word Dump 


Data Verify 
Data Program 
Reserved 


8X9XBH Signature Word 


| Device — Signature Word 


879XBH 896FH 
839XBH 896EH 
809XBH Undefined 


Port 2 Pin Functions 


[Port|Funetion| Alternate Function | 


TXD (Serial Port Transmit) 
RXD (Serial Port Receive) 


EXTINT (External Interrupt) 
T2CLK (Timer 2 Clock) 

T2RST (Timer 2 Reset) 

PWM (Pulse Width Modulation) 


17-59 
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MCS®-96 INSTRUCTION SET 


OVERVIEW 


This chapter of the manual gives a description of each 
instruction recognized by the 8096. The instructions are 
sorted alphabetically by the mnemonic used in the as- 
sembly language for the 8096. A summary of the in- 
struction set is included in Section 14 of the MCS®-96 
Architecture chapter. 


The instruction set descriptions in the following sec- 
tions do not always show the effect on the program 
counter (PC). Unless otherwise specified, all instruc- 
tions increment the PC by the number of bytes in the 
instruction. 


A set of acronyms are used to make the instruction set 


descriptions easier to read, their definitions are listed 
below: 


aa. A two bit field within an opcode which selects the 
basic addressing mode user. This field is only present in 
those opcodes which allow address mode options. The 
encoding of the field is as follows: 


00 | Redisterdrect 


The selection between indirect and indirect with auto- 
increment or between short and long indexing is done 
based on the least significant bit of the instruction byte 
which follows the opcode. This type selects the 16-bit 
register which is to take part in the address calculation. 
Since the 8096 requires that words be aligned on even 
byte boundaries this bit would be otherwise unused. 


breg. A byte register in the internal register file. When 
confusion could exist as to whether this field refers to a 
source or a destination register it will be prefixed with 
an “S” or a “D”. 


baop. A byte operand which is addressed by any of the 
address modes discussed in Section 3.2 of the MCS-96 
Architecture chapter. 


bitno, A three bit field within an instruction op-code 
which selects one of the eight bits in a byte. 


18-1 


wreg. A word register in the internal register file. When 
confusion could exist as to whether this field refers to a 
source register or a destination register it will be pre- 
fixed with an “S” or a “D”. 


waop. A word operand which is addressed by any of the 
address modes discussed in Section 3.2 of the MCS-96 
Architecture chapter. 


Lreg. A 32-bit register in the internal register file. 


BEA. Extra bytes of code required for the address 
mode selected. 


CEA. Extra state times (cycles) required for the address 
mode selected. 


cadd. An address in the program code. 


Flag Settings. The modification to the flag setting is 
shown for each instruction. A checkmark (#) means 
that the flag is set or cleared as appropriate. A hyphen 
means that the flag is not modified. A one or zero (1) or 
(0) indicates that the flag will be in that state after the 
instruction. An up arrow (7) indicates that the in- 
struction may set the flag if it is appropriate but will 
not clear the flag. A down arrow (| ) indicates that the 
flag can be cleared but not set by the instruction. A 
question mark (?) indicates that the flag will be left in 
an indeterminant state after the operation. 


Generic Jumps and Calls. The assembler for the 
MCS-96 family provides for generic jumps and calls. 
For all of the conditional jump instructions a “B” can 
be substituted for the “J’’ and the assembler will gener- 
ate a code sequence which is logically equivalent but 
can reach anywhere in the memory. A JH can only 
jump about 128 locations from the current program 
counter; a BH can jump anywhere in memory. In a like 
manner a BR will cause a SJMP or LJMP to be gener- 
ated as appropriate and a CALL will cause a SCALL 
or LCALL to be generated. The assembler user’s guide 
should be consulted for the algorithms used by the as- 
sembler to convert these generic instructions into actual 
machine instructions. 


Indirect Shifts. The indirect shift operations use regis- 
ters 24 through 255 (18H-—OFFH), since 0-15 are di- 
rect operators and registers 16 through 23 are Special 
Function Registers. Note that indirect shifts through 
SFRs are illegal operations. 


The maximum shift count is 31 (1FH). Count values 
above this will be truncated to the 5 least significant 
bits. 


Se ae ae ease PCY 
ete A a gil Se 


Operation: The sum of the two word operands is. stored into the Secticniinn (leftmost) 
operand. 


(DEST) <— (DEST) + (SRC) 


Assembly Language Format: 3 DST SRC 
| ADD _wreg, waop 


Object Code Format: [ 011001aa ][ waop ][ wreg ] 


Bytes: 2+ BEA 
States: 4 + CEA | | . : * 


Flags Affected 


* a 
we ee 
=-93 " 


2. ADD (Three Operands) — ADD WORDS 


Operation: The Sum of the second and third word operands i is stored into the destination 
(leftmost) operand. 


(DEST) <— (SRC1) + (SRC2) 


Assembly Language Format: DST  SRC1 SRC2 


ADD _—Dwreg, Swreg, waop A 
Object Code Format: [ 010001aa ][ waop ][ Swreg ][ Dwreg ] cae 
Bytes: 3+ BEA a aN 
States: 5 + CEA : is oe ae 


2h eee 
Flags Affected ce i est: 38 
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a Bias at Pr ee 


ae . ADDB (Two Operands) — ADD BYTES _ 


Operation: The sum of the two ae operands is ‘stored into the destination (leftmost) 
operand. 


(DEST) <— (DEST) + (SRC). 


Assembly Language Format: DST SRC 
ADDB breg, baop 


Object Code Format: [ 011101aa ][ baop ][ breg ] 


Bytes 2+ BEA 
States: 4 + CEA 


(Z|N {cl v|vr| st} 
| (ed Pe =| 


4. ADDB (Three Operands) — ADD BYTES 


ae ah Operation: The sum of the second and third byte operands is stored into the destination 
> (leftmost) operand. 


(DEST) <— (SRC1) + (SRC2) 


Assembly Language Format: DST SRC1  SRC2 
ADDB Dbreg, Sbreg, baop 


Object Code Format: [ 010101aa ][ baop ][ Sbreg ][ Dbreg ] 


Back 4 Bytes: 3+ BEA 
= States 5 + CEA 


Flags Affected 


a a 18-3 


ae 
Tipgeee 


~ * 5, ADDC — ADD WORDS WITH CARRY 22° 8 °° 4 — ‘ebaercad owt: 008 & 
Operation: The sum of the two word operands and the carry flag (0 or 1) is stored into the 
destination (leftmost) operand. | 
(DEST) <— (DEST) + (SRC) + C 
Assembly Language Format: _ DST SRC 


ADDC wreg, waop 


Object Code Format: [ 101001aa ][ waop ][ wreg ] 


Bytes: 2+ BEA 
States: 4+ BEA 


-Z{ Nice} v| vr st 


be [fel tlt 


6. ADDCB — ADD BYTES WITH CARRY 


Operation: The sum of the two byte operands and the carry flag (0 or 1) is stored into the ; 


destination (leftmost) operand. 
(DEST) <— (DEST) + (SRC) + C 


Assembly Language Format: DST SRC 
ADDCB_ breg, _ _baop 


Object Code Format: [ 101101aa ][ baop ][ breg ] 


Bytes: 2+ BEA 
States: 4+ CEA 


| 
Zz {n|e}v | v| st 
Be Ee ce Bea es 


18-4 


=e 
. “~ 


PS 4 


é ai pts eR, - PNT Ee eres pan) MES adres 
7. AND (Two Operands) — LOGICAL AND WORDS yee sg , EIS Ate ae 
Operation: The two word operands are ANDed, the result having a 1 only in those bit ae 
positions where both operands had a 1, with zeroes in all other bit positions. , aut 


The result is stored into the destination (leftmost) operand. 


(DEST) <— (DEST) AND (SRC) . i 
~ & | 
Assembly Language Format: DST SRC f eee < 
| } AND wreg, waop spas} 
“3 "3 2 
i vc 
ey; Object Code Format: [ 011000aa ][ waop ][ wreg ] i: 
Bytes: 2+ BEA ra 
7 States 4+ CEA ae 
Pe 
sé + 
Flags Affected 2p ft ten 
Z|N|co| viv] st “oy 
ey a) OL Oded ea] fee 
oe 8. AND (Three Operands) — LOGICAL AND WORDS 3 9 | =p 
a | | Operation: The second and third word operands are ANDed, the resulthavinga1onlyin ss oo 
7 those bit positions where both operands had a 1, with zeroes in all other bit on 
ame! 2G : positions. The result is stored into the destination (leftmost) operand. a - 
w (DEST) <— (SRC1) AND (SRC2) | Wie 
Assembly Language Format: OST SRC1 SAC2 3 
AND Dwreg, Swreg, waop i 
e; 
+ 
Object Code Format: [ 010000aa ][ waop ][ Swreg ][ Dwreg |] a 
Bytes: 3 + BEA 
States: 5+ CEA 
ape Flags Affected - f 
| zini[c}v| vw] st 
esl eet eo 
gee er 18-5 | ieee 
cis. : : | Sar fe 
P F i pte 
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ee 


_ 9, ANDB (Two Operands) — LOGICAL AND BYTES 


We Ti 7 Operation: The two byte operands are ANDed, the result having a 1 only in those bit 
sf bee | positions where both operands had a 1, with zeroes in all other bit positions. 
“ The result is stored into the destination (leftmost) operand. 


(DEST) <— (DEST) AND (SRC) 


* Assembly Language Format: DST SRC 
| ANDB breg, baop 


Object Code Format: [ 011100aa ][ baop ][ breg ] 


Bytes: 2+ BEA 
/ States: 4+ CEA 


Zin{e}v{ vr] st 
a ese 9 eee 


10. ANDB (Three Operands) — LOGICAL AND BYTES 


Operation: The second and third byte operands are ANDed, the result having a 1 only in» 
those bit positions where both operands had a 1, with zeroes in all other bit 
positions. The result is stored into the destination (leftmost) operand. 


(DEST) <— (SRC1) AND (SRC2) 


Assembly Language Format: DST  SRC1 SRC2 
ANDB Dbreg, Sbreg, baop 


Object Code Format: [ 010100aa ][ baop ][ Sbreg ][ Dbreg ] 


Bytes: 3 + BEA 
States: 5+ CEA 


Zini[clv{w{ st 
Pao wea eS ECe ee eee 
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11. BR (Indirect) — BRANCH INDIRECT 


e 
‘ 


Operation: The execution continues at the address specified in the operand word regis- | 


ter. 
PC <— (DEST) 


Assembly Language Format: BR [ wreg ] 


Object Code Format: [ 11100011 ][ wreg ] 


Bytes: 2 
States: 8 


Flags Affected 


12. CLR — CLEAR WORD 


Operation: The value of the word operand is set to zero. 


(DEST) <- 0 


Assembly Language Format: CLR wreg 


Object Code Format: [ 00000001 ][ wreg ] 


Bytes: 2 
States: 4 


Flags Affected 
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|__ Flags Affected 
z{nicl|v| vist 
es bore 


|____ Flags Affected 
z{niclv| vw st 
BRIE acs ee 
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Le orpeay i a : he 
— CLEAR BYTE 


= si 


: LRB- | 
(DEST) <— 0 

Assembly Language Format: CLRB_ breg 

ites Object Code Format: [ 00010001 ][ breg ] 


tee an Bytes: 2 
rea! ty | States: 4 
Jae 


| Flags Affected 


44, CLRC — CLEAR CARRY FLAG 


ane .. Green Oic 


Faas | Assembly Language Format: CLRC 


- “" 
at" 

ou 

ate tt}: 


ok Object Code Format: [ 11111000 ] — 


aes Bytes: 1 
page States: 4 


Flags Affected 
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Operation: The value of the byte operand is set to zero. 


z{ni[clvi| wr st} 


Operation: The value of the carry flag is set to zero. 


yt 
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ee 
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15. CLRVT — CLEAR OVERFLOW TRAP _ 


_. Operation: The value of the overflow-trap flag is set to zero. 
b lide sa. a 


Assembly Language Format: CLRVT 


Object Code Format: [ 11111100 ] 


Bytes: 1 
States: 4 


Flags Affected : 


16. CMP — COMPARE WORDS 


Operation: The source (rightmost) word operand is subtracted from the destination (left- 
most) word operand. The flags are altered but the operands remain unaffect- 
ed. The carry flag is set as complement of borrow. 


(DEST) — (SRC) 


Assembly Language Format: DST SRC 
CMP wreg, waop 


Object Code Format: [ 100010aa ][ waop ][ wreg ] 


Bytes: 2+ BEA 
States: 4+ CEA 


z[nlolv [wer] 
ete lele [tl 
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Operation: The source (rightmost) byte operand is subtracted from the destination (left- 
most) byte operand. The flags are altered but the si a remain unaffected. 


ae 
f 


2 ht 
oe)" i 


& ae The carry flag is set as complement of borrow. 
(DEST) — (SRC) ‘ 
es Assembly Language Format: DST SRC 
ae CMPB breg, baop 
a _ Object Code Format: [ 100110aa ][ baop ][ breg ] 
z Bytes: 2+ BEA 53! 
a States: 4+ CEA | 


Zin |olv|vr{ st 


18. DEC — DECREMENT WORD 
Operation: The value of the word operand is decremented by one. Re 
(DEST) <— (DEST) — 1 | , hs 
Assembly Language Format: DEC wreg | 
Object Code Format: [ 00000101 ][ wreg ] | : 
Bytes: 2 
States: 4 
Flags Affected 5 a 
z{[ni[cjv{vw{ st x 
hy 
ee 4840 | 
ey coe + art a Oe 


age a ag z 7 2 ‘ 
See ae ; Sa 
Pe Lat, eae 
‘ _— oe Ps 
19. DECB — DECREMENT BYTE 


Operation: The value of the byte operand is decremented by one. 
hte ~~ (DEST) <— (DEST) —1 


Assembly Language Format: DECB __breg 


Object Code Format: [ 00010101 lf breg ] 


Bytes: 2 
States: 4 


Z IN| oc] vy | vt] st 
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20. Di— DISABLE INTERRUPTS 


Operation: Interrupts are disabled. Interrupt-calls will not occur after this instruction. 


Interrupt Enable (PSW.9) <— 0 


Assembly Language Format: DI 


fine ‘Object Code Format: [ 11111010 ] 
ae Bytes: 1 
‘States: 4 


- Flags Affected 


18-11 


af 


ical. This instruction divides the contents of the destination LONG- INTEGER oper- 
and by the contents of the INTEGER word operand, using signed arithmetic. 
The low order word of the destination (i.e., the word with the lower address) 
will contain the quotient; the high order word will contain the remainder. 


(low word DEST) <— (DEST) / (SRC) 
(high word DEST) <— (DEST) MOD (SRC) 
The above two statements are performed concurrently. 


Assembly Language Format: 


Object Code Format: 


DST SRC 
DIV _ Ireg, waop 


[ 11111110 ] [ 100011aa }[ waop ][ Ireq ] 


Bytes: 2+ BEA 
States: 29+ CEA 


Flags Affected 


22. DIVB — DIVIDE SHORT-INTEGERS 


Operation: 


Assembly Language Format: 


Object Code Format: 


This instruction divides the contents of the destination INTEGER operand by 
the contents of the source SHORT-INTEGER operand, using signed arithme- 
tic. The low order byte of the destination (i.e. the byte with the lower address) - 
will contain the quotient; the high order byte will contain the remainder. 
(low byte DEST) <— (DEST) / (SRC) 

(high byte DEST) <— (DEST) MOD (SRC) 

The above two statements are performed concurrently. 


DST . SRC 
DIVB wreg, baop 


[ 11111110 ] [ 100111aa ][ baop J[ wreg ] 


Bytes: 2+ BEA 
States: 21+ CEA 


Flags Affected 


18-12 


Assembly Language Format: 


Object Code Format: 


eigen: This instruction divides the content of the destination DOUBLE-WORD oper- : 42 


and ‘by the contents of the source WORD operand, using unsigned arithmetic. 
The low order word will contain the quotient; the high order WORD will contain 
the remainder. 


(low word DEST) <— (DEST) / (SRC) 
(high word DEST) <— (DEST) MOD (SRC) 
The above two statements are performed concurrently. 


DST SRC | Rios 
DIVU lreg, § waop se 


[ 100011aa ][ waop ][ Ireq ] 


Bytes: 2.+ BEA % . ee 
States: 25+ CEA | 21 
pz [N|clvi|vr| st 
j—|-|-|-} ti! 


24. DIVUB — DIVIDE BYTES 


Operation: 


Assembly Language Format: 


Object Code Format: 


This instruction divides the contents of the destination WORD operand by the 
contents of the source BYTE operand, using unsigned arithmetic. The low 
order byte of the destination, (i.e., the byte with the lower address) will contain 

the quotient; the high order byte will contain the remainder. 

(low byte DEST) <— (DEST) / (SRC) 

(high byte DEST) <— (DEST) MOD (SRC) 

The above two statements are performed concurrently. Bi 


DST SRC 
DIVUB wreg, baop 


[ 100111aa ][ baop ][ wreg ] 


Bytes: 2+ BEA 
States: 17 + CEA 


_ Flags Affected 


18-13 


25. DJNZ — DECREMENT AND JUMP IF NOT ZERO 


Operation: 


Assembly Language Format: 


Object Code Format: 


The value of the byte operand is decremented by 1. If the result is not equal to 
0, the distance from the end of this instruction to the target label is added to 
the program counter, effecting the jump. The offset from the end of this in- 


struction to the target label must be in the range of —128 to +127. If the | 


result of the decrement is zero then control passes to the next sequential 
instruction. 


(COUNT) <— (COUNT) — 1 


if (COUNT) <> 0 then 

PC <— PC + disp (sign-extended to 16 bits) 
end__if 
DJNZ breg,cadd 


[ 11100000 ][ breg ][ disp ] 


Bytes: 3 
States: Jump Not Taken: 5 
Jump Taken: 9 


Flags Affected 


26. E1— ENABLE INTERRUPTS 


Operation: 


Assembly Language Format: 


Object Code Format: 


Interrupts are enabled following the execution of the next statement. Interrupt- 
calls cannot occur immediately following this instruction. 


Interrupt Enable (PSW.9) <— 1 
EI 


L- 199990114- <j 


Bytes: 1 
States: 4 


Flags Affected 
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27. EXT — SIGN EXTEND INTEGER INTO LONG-INTEGER 


Operation: The low order word of the operand is sign-extended throughout the high order 


word of the operand. 


if (low word DEST) < 8000H then 
(high word DEST) <— 0 
else 
(high word DEST) <— OFFFFH 
end__if 


Assembly Language Format: EXT lreg 


Object Code Format: [ 00000110 ][ Ireg ] 


Bytes: 2 
States: 4 


zZ{ni[cl{v| vw] st 
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28. EXTB — SIGN EXTEND SHORT-INTEGER INTO INTEGER 


Operation: The low order byte of the operand is sign-extended throughout the high order 


om 


byte of the operand. | 


if (low byte DEST) < 80H then 
(high byte DEST) <— 0 
elise 
(high byte DEST) <— OFFH 
end__if 


Assembly Language Format: EXTB ~—_—wreg 


Object Code Format: [ 00010110 ][ wreg ] 


Bytes: 2 
States: 4 
Pan asancer 2 
~[~lolo}/—|— 
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Operation: The value of the word operand i is incremented by 1. 


(DEST) <— Ces +1 
Gace Assembly Language Format: INC — wreg 


Manat Object Code Format: [ 00000111 ][ wreg ] 


Se Bytes: 2 | | .¥ py: 
aa States: 4 . : sees wleeE 


es < 
a fz[n[c[v[w[sr] 
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30, INCB — INCREMENT BYTE ae 


at i 
eam ;: . a 
an zo Operation: The value of the byte operand is incremented by 1. hs 
oe . : (DEST) <— (DEST) + 1 
Re ; Assembly Language Format: INCB _breg ; . P BS 

Object Code Format: [ 00010111 ][ breg ] i 


cin Bytes: 2 p FPS | AS: | : eis tre 
tae States: 4 si Sh een 


rm; 
aa ys, 
erie = 5 
ae Flags Affected y 
oat Fa v bee 
han er ; Po ghtoe 


oo Pa i 
fees 
- Ais ‘ 
a 
ne | 
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31. JBC — JUMP IF BIT CLEAR 


“7g 

Operation: The specified bit is tested. If it is clear (i.e., 0), the distance fromthe endofthis = | Ce 

instruction to the target label is added to the program counter, effecting the ee, 

jump. The offset from the end of this instruction. to the target label must be in ie a 

the range of —128 to + 127. If the bit i is set (i.e., 1), control passes to the next ee 

sequential instruction. : Raa A 

if (specified bit) = O then “a ky 

PC < PC + disp (sign-extened to 16 bits) at 

i 

Assembly Language Format: JBC __breg,bitno,cadd_ a 
Object Code Format: [ 00110bbb ][ breg ][ disp ] . ert 

where bbb is the bit number within the specified register. Ba Pw, 

q 

Bytes: 3 5 

States: Jump NotTaken: 5 * 

Jump Taken: 9 re 

Flags Affected i, 

vey 

} c 

‘ sa 
' > > 
ie 18-17 oe 
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Operation: 


Assembly Language Format: 


Object Code Format: 


32, JBS — JUMP IF BIT SET 


The specified bit is tested. If it is set (i.e., 1), the distance from the end of this 
instruction to the target label is added to the program counter, effecting the 
jump. The offset from the end of this instruction to the target label must be in 
the range of —128 to + 127. If the bit is clear (i.e., 0), control passes to the 
next sequential instruction. 


if (specified bit) = 1 then 
PC < PC + disp (sign-extended to 16 bits) 
JBS breg,bitno,cadd 


[ 00111bbb ][ breg ][ disp ] 
where bbb is the bit number within the niet cape 


Bytes: 3 
States: Jump Not Taken: 5 
Jump Taken: 9 


Flags Affected 


33. JC — JUMP IF CARRY FLAG IS SET 


Operation: 


Assembly Language Format: 


Object Code Format: 


If the carry flag is set (i.e., 1), the distance from the end of this instruction to 
the target label is added to the program counter, effecting the jump. The offset 
from the end of this instruction to the target label must be in the range of 
—128 to +127. If the carry flag is clear (i.e., 0), control passes to the next 
sequential instruction. 


if C = 1 then 
PC < PC + disp (sign-extended to 16 bits) 
JC cadd 


[ 11011011 ][ disp ] 


Bytes: 2 
States: Jump Not Taken: 4 
Jump Taken: 8 


Flags Affected 
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34. JE — JUMP IF EQUAL | Late a Pe, Soe 


Operation: If the zero flag is set (i.e., 1), the distance from the end of this instruction to the 


target label is added to the program counter, effecting the jump. The offset Sg, 
from the end of this instruction to the target label must be in the range of ty 
-—128 to +127. If the zero flag is clear (i.e., 0), control passes to the next zs 
sequential instruction. et: 
if Z = 1 then 


PC < PC + disp (sign-extended to 16 bits) 
Assembly Language Format: JE cadd 


Object Code Format: [ 11011111 ][ disp ] 


Bytes: 2 
States: Jump Not Taken: 4 
Jump Taken: = 8 


Flags Affected 


35. JGE — JUMP IF SIGNED GREATER THAN OR EQUAL 


Operation: If the negative flag is clear (i.e., 0), the distance from the end of this instruction 
to the target label is added to the program counter, effecting the jump. The 
offset from the end of this instruction to the target label must be in the range 
of —128 to + 127. If the Regetve flag is set (i.e., 1), control passes to the next 
sequential instruction. 


if N = 1 then 
PC < PC + disp (sign-extended to 16 bits) 
Assembly Language Format: JGE cadd 


Object Code Format: [ 11010110 ][ disp ] 


Bytes: 2 
States: Jump Not Taken: 4 
Jump Taken: 8 


Flags Affected | Se 


18-19 ita. 


— ; a : “ , < id > S 7) 
Pre eel 


36. JGT — JUMP IF SIGNED GREATER THAN 


Operation: If both the negative flag and the zero flag are clear (i.e., 0), the distance from 
the end of this instruction to the target label is added to the program counter, 
effecting the jump. The offset from the end of this instruction to the target 
label must be in the range of — 128 to + 127. If either the negative flag or the 
zero flag are set (i.e., 1,) control passes to the next sequential instruction. 


if N = 0 AND Z = O then 3 
PC <— PC + disp (sign-extended to 16 bits) 
Assembly Language Format: JGT cadd 


Object Code Format: [ 11010010 ][ disp ] 


Bytes: 2 
States: Jump Not Taken: 4 
Jump Taken: 8 


Flags Affected 


37. JH — JUMP IF HIGHER (UNSIGNED) 


Operation: If the carry flag is set (i.e., 1), but the zero flag is not, the distance from the end 
of this instruction to the target label is added to the program counter, effecting 
the jump. The offset from the end of this instruction to the target label must be 
in the range of — 128 to + 127. If either the carry flag is clear or the zero flag is 
set, control passes to the next sequential instruction. . | 
ifC = 1 AND Z = O then 4 
PC <— PC + disp (sign-extended to 16 bits) 


Assembly Language Format: JH cadd 


Object Code Format: [ 11011001 ][ disp ] 


Bytes: 2 
States: Jump Not Taken: 4 
Jump Taken: 8 


Flags Affected 


18-20 
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Operation: If either the negative flag or the zero flag are set (i.e., 1), the distance from the 
end of this instruction to the target label is added to the program counter, _ Be 
effecting the jump. The offset from the end of this instruction to the target ig oie 
label must bein the range of — 128 to + 127. If both the negative flag and the oka 
zero flag are clear (i.e., 0), control passes to the next sequential instruction. ‘ 
if N = 1OR Z = 1 then air 

PC <— PC + disp (sign-extended to 16 bits) ce 


Assembly Language Format: JLE _—cadd hes ae nee 4 


_ Object Code Format: [ 11011010 ][ disp ] : ae 


Bytes: 2 4 eS 
States: | JumpNotTaken: 4 | rh 
Jump Taken: 8 


Flags Affected 7 oi 


39. JLT — JUMP IF SIGNED LESS THAN 


Operation: If the negative flag is set (i.e., 1), the distance from the end of this instruction 
to the target label is added to the program counter, effecting the jump. The 
offset from the end of this instruction to the target label must be in the range 
of —128 to +127. If the negative flag is clear (i.e., 0), control passes to the 
next sequential instruction. 
if N = 1 then 

PC < PC + disp (sign-extended to 16 bits) 


Assembly Language Format: JLT cadd 


Object Code Format: [ 11011110 ][ disp ] 


Bytes: 2 
States: Jump Not Taken: 4 
Jump Taken: 8 


Flags Affected © 
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40, JNC — JUMP IF CARRY FLAG IS CLEAR 


Operation: If the carry flag is clear (i.e., 0), the distance from the end of this instruction to 
the target label is added to the program counter, effecting the jump. The offset 
from the end of this instruction to the target label must be in the range of 
—128 to +127. If the carry flag is set (i.e., 1), control passes to the next 
sequential instruction. 


if C = 0 then 
PC <— PC + disp (sign-extended to 16 bits) 
Assembly Language Format: JNC cadd 


Object Code Format: [ 11010011 ][ disp ] 


Bytes: 2 
States: Jump Not Taken: 4 
Jump Taken: 8 


Flags Affected 


41. JNE — JUMP IF NOT EQUAL 


Operation: If the zero flag is clear (i.e., 0), the distance from the end of this instruction to 
the target label is added to the program counter, effecting the jump. The offset 
from the end of this instruction to the target label must be in the range of 
—128 to +127. If the zero flag is set (i.e., 1), control passes to the next 
sequential instruction. 
if Z = O then 

PC <— PC + disp (sign-extended to 16 bits) 


Assembly Language Format: JNE cadd 


Object Code Format: [ 11010111 [ disp ] 


Bytes: 2 
States: Jump Not Taken: 4 
Jump Taken: 8 


Flags Affected 
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42. JNH — JUMP IF NOT HIGHER (UNSIGNED) 


Operation: If either the carry flag is clear (i.e., 0), or‘the zero flag is set (i.e., 1), the 
distance from the end of this instruction to the target label is added to program 
counter, effecting the jump. The offset from the end of this instruction to the 
target label must be in the range of — 128 to + 127. If the carry flag is set (i.e., 
1) and the zero flag is not, control passes to the next sequential instruction. 
ifC = 0OR Z = 1 then 

PC < PC + disp (sign-extended to 16 bits) 


Assembly Language Format: JNH cadd 


Object Code Format: [ 11010001 ][ disp ] 


Bytes: 2 
States: Jump Not Taken: 4 
Jump Taken: 8 


, Flags Affected 


43. INST — JUMP IF STICKY BIT IS CLEAR 


Operation: If the sticky bit flag is clear (i.e., 0), the distance from the end of this instruction 
to the target label is added to the program counter, effecting the jump. The 
offset from the end of this instruction to the target label must be in the range 
of — 128 to + 127. If the sticky bit flag is set (i.e., 1), control passes to the next 
sequential instruction. 
if ST = 0 then 

PC <— PC + disp (sign-extended to 16 bits) 


Assembly Language Format: JNST cadd 


Object Code Format: [ 11010000 ][ disp ] 


Bytes: 2 
States: Jump Not Taken: 4 
Jump Taken: 8 


Flags Affected 


18-23 


Operation: 


Assembly Language Format: 


Object Code Format: 


If the overflow flag is clear (i.e., 0), the distance from the end of this instruction 


_ to the target label is added to the program counter, effecting the jump. The 


offset from the end of this instruction to the target label must be in the range 
of -128 to +127. If the overflow fagls is set (i.e., 1), control passes to next 
sequential instruction. , 
if V = 0 then 

PG: RO + disp (sign-extended to 16 bits) 


JNV cadd 


[ 11010101 ][ disp ] 

Bytes: 3 2 

States: Jump Not Taken: 4 
Jump Taken: 8 


Flags Affected 


45. JNVT — JUMP IF OVERFLOW TRAP IS CLEAR 


- Mperatons 


lf the overflow trap flag is clear (i.e., 0), the distance from the end of this 


instruction to the target label is added. to the program counter, effecting the 


jump. The offset from the end of this instruction to the target label must be in 
the range of —128 to + 127. If the overflow trap flag is set (i.e., 1), control 
passes to the next sequential instruction. The VT flag is cleared. 


if VT = 0 then 


Assembly Language Format: 


Object Code Format: 


PC < PC + disp (sign-extended to 16 bits) 
JNVT — cadd 


[ 11010100 ][ disp ] 


Bytes: a 
States: Jump Not Taken: 4 
Jumps Taken: 8 


18-24 
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46. JST — JUMP IF STICKY BIT IS SET | | ae ae 
Operation: If the sticky bit flag is set (i.e., 1), the distance from the end of this instruction Es bey 
to the target label is added to the program counter, effecting the jump. The “ 


offset from the end of this instruction to the target label must be in the range fe: 


of —128 to +127. If the sticky bit flag is clear (i.e., 0), control passes to the : by 
next sequential instruction. = 
if ST = 1 then a 
PC <— PC + disp (sign-extended to 16 bits) 4 
; ‘ogy U 
Assembly Language Format: JST cadd bi 
Object Code Format: [ 11011000 ][ disp ] 
Bytes: 2 se 
State: Jump Not Taken: 4 4 
Jump Taken: 8 a 
47. JV — JUMP IF OVERFLOW FLAG IS SET 
Operation: If the overflow is set (i.e., 1), the distance from the end of this instruction to the 
target label is added to the program counter, effecting the jump. The offset 
from the end of this instruction to the target label must be in the range of . ; 
—128 to + 127. If the overflow flag is clear (i.e., 0), control passes to the next ard 
sequential instruction. “Gent 
if V = 1 then 
PC < PC + disp (sign-extended to 16 bits) 
Assembly Language Format: JV cadd 
Object Code Format: [ 11011101 ][ disp ] 
Bytes: 2 
States: Jump Not Taken: 4 
Jump Taken: 8 ry 
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Operation: If the overflow trap flag is set (i.e., 1), the distance from the end of this instruc- 
tion to the target label is added to the program counter, effecting the jump. 
The offset from the end of this instruction to the target label must be in the 
range of —128 to +127. If the overflow trap flag is clear (i.e., 0), control 
passes to the next sequential instruction. The VT flag is cleared. 


if VT = 1 then 
PC <— PC + disp (sign-extended to 16 bits) 


Assembly Language Format: JVT cadd 


Object Code Format: [ 11011100 ][ disp ] 


Bytes: 2 
States: Jump Not Taken: 4 
Jump Taken: 8 


Flags Affected 


49. LCALL — LONG CALL 


Operation: The contents of the program counter (the return address) is pushed onto the 
stack. Then the distance from the end of this instruction to the target label is 
added to the program counter, effecting the call. The operand may be any 
address in the entire address space. 


or = SP — 2 
(SP) <— PC 
- PC < PC + disp 


Assembly Language Format: LCALL cadd 


Object Code Format: [ 11101111 ][ disp-low ][ disp-hi ] 


Bytes: 3 
States: Onchip stack: 13 
Offchip stack: 16 


Flags Affected 
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50. LD — LOAD WORD 


Operation: The value of the source (rightmost) word operand is stored into the destination | 
(leftmost) operand. 


(DEST) <— (SRC) 


Assembly Language Format: DST SRC 
eed ) LD wreg, waop ES 
Object Code Format: [ 101000aa ][ waop ][ wreg ] ‘ a 
me 
Bytes: 2+ BEA eos 
States: 4+ CEA si 
Flags Affected : % a 
51. LDB — LOAD BYTE 
7 
Operation: The value of the source ns cai byte operand is stored into the destination } | 
(leftmost) operand. . ‘2 
(DEST) <— (SRC) | 
Assembly Language Format: DST SRC 
LDB breg, baop | ( 
Object Code Format: [ 101100aa ][ baop ][ breg ] 
. Bytes: 2+ BEA ae 
States: 4+ CEA a 
Flags Affected Sie 
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52. _ LDBSE — LOAD INTEGER WITH SHORT-INTEGER 


Operation: The value of the source (rightmost) byte operand is sign-extended and stored - 

into the destination (leftmost) word operand. 

(low byte DEST) <— (SRC) 

if (SRC) < 80H then 

(high byte DEST) <— 0 

else 
(high byte DEST) <— OFFH 
end_if 


_ Assembly Language Format: DST. SRC 
LDBSE wreg,  baop 


Object Code Format: [ 101111aa ][ baop ][ wreg ] 


Bytes: 2+ BEA 
States: 4+ CEA 


Flags Affected 


53. LDBZE — LOAD WORD WITH BYTE 


Operation: The value of the source (rightmost) byte operand is ZOE RARE and stored 
into the destination (leftmost) word operand. 


(low byte DEST) <— (SRC) 
(high byte DEST) <— 0 


Assembly Language Format: DST SRC as 
LDBZE  wreg, baop ae. 


Object Code Format: [ 101011aa ][ baop ][ wreg ] 


Bytes: 2+ BEA 
States: 4+ CEA (2,4 


Flags Affected 
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Operation: The distance from the end of this instruction to the target labelis addedtothe __ 


program counter, effecting the jump. The a aperand may be any address in the 
entire address space. 


PC <— PC + disp 


Assembly Language Format: LJMP cadd 


Object Code Format: [ 11100111 ][ disp-low ][ disp-hi ] 


Bytes: 3 
States: 8 


Flags Affected | 


55. MUL (Two Operands) — MULTIPLY INTEGERS 


Operation: The two INTEGER operands are multiplied using signed arithmetic and the 32- 
bit result is stored into the destination (leftmost) LONG-INTEGER operand. 
The sticky bit flag is undefined after the instruction is executed. 


(DEST) <— (DEST) * (SRC) 


Assembly Language Format: DST SRC 
MUL lreg, WER 


Sbjont Cone Farnnt ET 011011aa II waop i reg ] 


Bytes: i BEA 
States 29 + CEA 


Flags Affected : 
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Assembly Language Format: 


Object Code Format: 


56. MUL (Three Operands) — MULTIPLY INTEGERS 


Operation: 


The second and third INTEGER operands are multiplied using signed arithme- 
tic and the 32-bit result is stored into the destination (leftmost) LONG INTE- 
GER operand. The sticky bit flag is undefined after the instruction is executed. 


(DEST) <— (SRC1) * (SRC2) 


DST  SRC1 SRC2 
MUL lreg, wreg, waop 


[ 11111110 ][ 010011aa ][ waop ][ wreg ][ Ireg ] 


Bytes: 4+ BEA 
States: 30+ CEA 


Flags Affected 


57. MULB (Two Operands) — MULTIPLY SHORT-INTEGERS 


Operation: 


Assembly Language Format: 


Object Code Format: 


The two SHORT-INTEGER operands are multiplied using signed arithmetic 
and the 16-bit result is stored into the destination (leftmost) INTEGER oper- 
and. The sticky bit flag is undefined after the instruction is executed. 


(DEST) <— (DEST) * (SRC) 


DST SRC 
MULB wreg, baop 


[ 11111110 ][ 011111aa ][ baop ][ wreg ] 


Bytes: 3 + BEA 
States: 21+ CEA 


Flags Affected 
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58. MULB (Three Operands) — MULTIPLY SHORT-INTEGERS 


Operation: The second and third SHORT-INTEGER operands are multiplied using signed 
arithmetic and the 16-bit result is stored into the destination (leftmost) INTE- 
GER operand. The sticky bit flag is undefined after the instruction is executed. 


(DEST) <— (SRC1) * (SRC2) 


Assembly Language Format: DST SRC1 SRC2 
MULB wreg,  breg baop 


Object Code Format: [ 11111110 ][ 010111aa ][ baop ][ breg ][ wreg ] 


Bytes: 4+ BEA 
States: 22+ CEA 


Flags Affected 


59. MULU (Two Operands) — MULTIPLY WORDS 


Operation: The two WORD operands are multiplied using unsigned arithmetic and the 32- 
bit result is stored into the destination (leftmost) DOUBLE-WORD operand. 
The sticky bit flag is undefined after the instruction is executed. 


(DEST) <— (DEST) * (SRC) 


Assembly Language Format: DST SRC © 
MULU lreg, waop 


Object Code Format: [ 011011aa ][ waop ][ Ireg ] 


Bytes: 2+ BEA 
States: 25 + CEA 


Flags Affected 


18-31 a | 


tic and the 32-bit result is stored into the destination (leftmost) DOUBLE- 
~ WORD operand. The ae bit flag is undefined after the instruction is execut- 
ed. . 


(DEST) < (SRO1) . ‘(SRC2) 


eG _ 60, MULU (Three Operands)—MULTIPLY WORDS 
fed De PA 2 ms 
ne ! eaereomn ‘The second and third WORD operands are multiplied fakig unsigned arithme- 


Assembly Language Format: DST SRC1 ~SRC2 
MULU lreg, wreg, waop 


aa Object Code Format: [ 010011aa ][ waop ][ wreg ][ Ireg ] 


Lhee J 


eae. Bytes: 3 + BEA 
of. States: 26+ CEA 


Flags Affected | 


61. MULUB (Two Operands) — MULTIPLY BYTES 


Operation: The two BYTE operands are multiplied using unsigned arithmetic and the 
WORD result is stored into the destination (leftmost) operand. The sticky bit 
flag is undefined after the instruction is executed. 


(DEST) < (DEST) * (SRC) 


Assembly Language Format: DST SRC 
MULUB~ wreg, _ baop 


Object Code Format: [ 011111aa ][ baop ][ wreg ] 


Bytes: 2 + BEA 
States: 17+ CEA 


Flags Affected | 


aga 18-32 
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62. MULUB (Three Operands) — MULTIPLY BYTES 


Operation: The second and third BYTE operands are multiplied using unsigned arithmetic 
and the WORD result is stored into the destination (leftmost) operand. The 
sticky bit flag is undefined after the instruction is executed. 


(DEST) <— (SRC1) ‘: (SRC2) 


Assembly Language Format: DST SRCi1  SRC2 ’ t : 
MULUB~ wreg, _ breg, baop Pgs S 
Object Code Format: [ 010111aa ][ baop ][ breg ][ wreg ] | | ‘ 
Bytes: 3+ BEA | pay | or 


States: 18+ CEA ae 


e 
~ Flags Affected , + 


63. NEG — NEGATE INTEGER 
Operation: The value of the INTEGER operand is negated. | 
(DEST) <— —(DEST) rae 
Assembly Language Format: NEG wreg 


Object Code Format: [ 00000011 ][ wreg ] 


Bytes: 2 
States: 4 


Z{n{clv| vr st 


oe eae ES | 
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= ee ~~ “* 
See *. ae 


Assembly Language Format: 


Object Code Format: 


Assembly Language Format: 


Object Code Format: 


The value of the SHORT-INTEGER operand is negated. — 
(DEST) <— —(DEST) © 


NEGB 


[ 00010011 ][ breg ] 


Bytes: 
‘States: 


65. NOP — NO OPERATION 


Nothing is done. Control passes to the next sequential instruction. 


NOP 


[ 11111101 


Bytes: 
States: 


Flags Affected 


Z|N|c|v| vr] st 
CE odd edb al ck et 


Flags Affected 


18-34 


66. NORML — NORMALIZE LONG-INTEGER 


Operation: The LONG-INTEGER operand is normalized; i.e., it is shifted to the left until its 


Assembly Language Format: 


Object Code Format: 


most significant bit is 1. If the most significant bit is still 0 after 31 shifts, the 
process stops and the zero flag is set. The number of shifts actually performed 
is stored in the second operand. 
(COUNT) <— 0 
do while (MSB(DEST) = 0) AND ((COUNT) < 31) 

(DEST) <— (DEST) * 2 

(COUNT) <— (COUNT) + 1 
end__while 


NORML lreg,breg 


[ 00001111 Jf breg 1[ treg 1] 


Bytes: 3 
States: 11 + No. of shifts performed 


zZ{niclv{vr[ st 


pw] 2} Oem | | | 


67. NOT — COMPLEMENT WORD 


Operation: 


Assembly Language Format: 


Object Code Format: 


The value of the WORD operand is complemented: each 1 is replaced with a 
0, and each 0 with a 1. 


(DEST) <— NOT (DEST) 
NOT  wreg 


[ 00000010 J][ wreg ] 


Bytes 2 
States: 4 


Z{nicl{v| wr st 
Rea eS Regie 
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Operation: The vaule sd the BYTE operand is So ees each 1 is replaced with a 0, 


and each 0 with a 1. 
(DEST) <— NOT (DEST) 


Assembly Language Format: NOTB breg 


Object Code Format: [ 00010010 ][ breg ] 


Bytes: 2 
States: 4 


Z| n{e}v{ vr] st 
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69. OR — LOGICAL OR WORDS 


Operation: The source (rightmost) WORD is ORed with the destination (leftmost) WORD 
operand. Each bit is set to 1 if the corresponding bit in either the source 
operand or the destination operand is 1. The result replaces the original desti- 


Assembly Language Format: 


Object Code Format: 


{2 {Ny fel v{ vw st 


nation operand. 
(DEST) <— (DEST) OR (SRC) 


DST SRC 
OR wreg, waop 


[ 100000aa ] [waop ][ wreg ] 


Bytes: 2+ BEA 
States: 4+ CEA 


Flags Affected 


ESAS oie 


18-36 


7O.ORB—LOGICALORBYTES 


Operation: The source (rightmost) BYTE operand is ORed with the destination (leftmost) x f. 4a 
_. BYTE operand. Each bit is set to 1 if the corresponding bitin either the source ts 
operand or the destination siaieiete was 1. The result replaces the original ee 

destination operand. si: se > AS matte 


(DEST) <— (DEST) OR (SRC) 


Assembly Language Format: ORB breg,baop as 
rors ey 

Object Code Format: [ 100100aa ][ baop ][ breg ] at 

Bytes: 2+ BEA ieee | | Ree 

States:. 4+ CEA 9 os": ty 


Z|n{e}v{ vr] st 
| | Ol Oe es 


71. POP — POP WORD 


Operation: The word on top of the stack is ore and Ai ccciee at the destination operand. 


(DEST) < (SP) 
SP <— SP +2 


Assembly Language Format: POP waop 


Object Code Format: [ 110011aa ][ waop ] 


Bytes 1 + BEA 
States: | Onchip Stack: 12+ CEA 
Offchip Stack: 14 + CEA 


Flags Affected 


18-37 


72. POPF — POP FLAGS 


a a = = : , vec 
5 al we “in? s.r 


Operation: The word on top of the stack is popped and placed in the PSW. Interrupt calls 
cannot occur immediately following this instruction. 


(PSW) < (SP) 
SP <— SP +2 


Assembly Language Format: POPF 


Object Code Format: [ 11110011 ] 


Bytes: 1 
States: Onchip Stack: 9 
Offchip Stack: 13 


Z|N{|c|v| vr] st 


73. PUSH — PUSH WORD 


Operation: The specified operand is pushed onto the sta 


SP < SP -2 
(SP) < (DEST) 


Assembly Language Format: PUSH waop 


Object Code Format: [ 110010aa ][ waop ] 


Bytes: 1+ BEA 
States: Onchip Stack: 8 + CEA 
Offchip Stack: 12 + CEA 


Flags Affected 


18-38 
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74. PUSHF — PUSH FLAGS 


Operation: The PSW is pushed on top of the stack, and then set to all zeroes. This implies 
that all interrupts are disabled. Interrupt-calls cannot occur immediately follow- 
ing this instruction. 

SP «SP — 2 
(SP) < PSW 
PSW =< 0 


Assembly Language Format: PUSHF 


Object Code Format: [ 11110010 ] 


Bytes: 1 
States: | OnchipStack: 8 
Offchip Stack: 1 


75. RET — RETURN FROM SUBROUTINE 


Operation: The PC is popped off the top of the stack. 


PC < (SP) 
SP <— SP +2 


Assembly Language Format: RET 


_ Object Code Format: [ 11110000 ] 


Bytes: 1 
States: Onchip Stack: 12 
Offchip Stack: 16 


Flags Affected 


18-39 
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if ier The PSW is initialized to zero, and the PC is initialized to 2080H. The I/O 
registers are set to their initial value. Executing this instruction will cause a 
pulse to appear on the reset pin of the. shih 
PSW <— 0 
PC <— 2080H 


Assembly Language Format: RST 


Object Code Format: [ 11111111 ] 


Bytes: 1 
States: 16 | 


| Flags Affected 


77. SCALL — SHORT CALL 


Operation: The contents of the program counter (the return address) is pushed onto the 
stack. Then the distance from the end of this instruction to the target label is — 
added to the program counter, effecting the call. The offset from the end of 
this instruction to the target label must be in the range of — 1024 to + 1023 
inclusive. 
ae 4 Se 2 
(ary PC 
PC <— PC + disp (sign-extended to 16 bits) 


Assembly Language Format: SCALL _—_cadd 
Object Code Format: [ 00101xxx ][ disp-low ] 3 
where xxx holds the three high-order bits of displacement. 
Bytes: | 2 


States = Onchip Stack: 13 
Offchip Stack: 16 


Flags Affected 


18-40 
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Operation: The carry flag is set. oot 3 et 
Ci< 1 ‘, 


Assembly Language Format: SETC 


Object Code Format: [ 11111001 ] 


Bytes: 1 
States: 4 


| Flags Affected 


79. SHL — SHIFT WORD LEFT 


Operation: The destination (leftmost) word operand is shifted left as many times as speci- 
fied by the count (rightmost) operand. The count may be specified either as an 
immediate value in the range of 0 to 15 (OFH) inclusive, or as the content of 
any register. Details on indirect shifts can be found in the Overview. The right 
bits of the result are filled with zeroes. The last bit shifted out is saved in the 
carry flag. 

Temp <— (COUNT) 
do while Temp <> 0 
C < High order bit of (DEST) 
(DEST) -<—. (DEST) * 2 
Temp <— Temp — 1 
end__while 


Assembly Language Format: SHL wreg, # count 
or 
SHL wreg,breg 


Object Code Format: [ 00001001 ][ cnt/breg ][ wreg ] 


Bytes: 3 
States: 7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Zin [eclv | vr st 
pepe ele] Tos 
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Operation: The destination (leftmost) byte operand is shifted left as many times as speci- 
fied by the count (rightmost) operand. The count may be specified either as an 
immediate value in the range of 0 to 15 (OFH) inclusive, or as the content of 
any register. Details on indirect shifts can be found in the Overview. The right 
bits of the result are filled with zeroes. The last bit shifted out is saved in the 


Assembly Language Format: 


Object Code Format: 


{2inte |v | v| st 


carry flag. 

Temp <— (COUNT) 

do while Temp <> 0 
C < High order bit of (DEST) 
(DEST) <— (DEST) * 2 
TEMP <— Temp — nee 


end__while 


SHLB breg, # count 
or 
SHLB breg,breg 


[ 00011001 ][ cnt/breg ][ breg ] 


Bytes 3 
States: 7 + No. of shifts performed 


note: 0 place shifts take 8 states. 


Flags Affected , 


fon Gt Ee ae SO eal 
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Operation: The destination (leftmost) double-word operand is shifted left as many times 


Assembly Language Format: 


Object Code Format: 


err pat 
. 


81. SHLL — SHIFT DOUBLE-WORD LEFT 


oo” * 


a) 
as specified by the count (rightmost) operand. The count may be specified a 
either as an immediate value in the range of 0 to 15 (OFH) inclusive, orasthe = 
content of any register. Details on indirect shifts can be found in the Overview. 
The right bits of the result are filled with zeroes. The last bit shifted out is 


saved in the carry flag. Kes, 
Temp < (COUNT) res 
do while Temp <> 0 | ‘ 
C < High order bit of (DEST) ne 
(DEST) <— (DEST) *2 et 
Temp <— Temp — 1 ae 
end__while a8 
Thee 

SHLL lreg, # count Peiee 

or i. shea! 
SHLL Ireg, breg © | , ‘ | aa, 

[ 00001101 ][ cnt/breg ][ Ireg ] 4, A 
Bytes: 3 ) Weis 
States: 7 + No. of shifts performed | et 
note: 0 place shifts take 8 states. ta; 


Flags Affected — 


18-43 


Operation: The destination (leftmost) word operand is shifted right as many times as 


Assembly Language Format: 


Object Code Format: 


specified by the count (rightmost) operand. The count may be specified either 
as an immediate value in the range of 0 to 15 (OFH) inclusive, or as the 
content of any register. Details on indirect shifts can be found in the Overview. 

The left bits of the result are filled with zeroes. The last bit shifted out is saved 
to the carry. The sticky bit flag is cleared at the beginning of the instruction, 
and set if at any time during the shift a 1 is shifted first into the carry flag, and a 
further shift cycle occurs. 


Temp <— (COUNT) 
do while Temp <> 0 
C < Low order bit of (DEST) 
(DEST) <— (DEST) / 2 where / is unsigned division 
: Temp <— Temp — 1 : 
end__while 


SHR wreg, # count 
or 
SHR wreg,breg 


[ 00001000 ][ cnt/breg ][ wreg ] 


Bytes: 3 
States: 7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Flags Affected 


18-44 
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_ Operation: 


Assembly Language Format: 


Object Code Format: 


83. SHRA — ARITHMETIC RIGHT SHIFT WORD 


The destination (leftmost) word operand is shifted right as many times as 


specified by the count (rightmost) operand. The count may be specified either — 


as an immediate value in the range of 0 to 15 (OFH) inclusive, or as the 


content of any register. Details on indirect shifts can be found in the Overview. 


If the original high order bit value was 0, zeroes are shifted in. If the value was 


1, ones are shifted in. The last bit shifted out is saved in the carry. The sticky — 
: bit flag is cleared at the beginning of the instruction, and set if at any time — 


during the shift a 1 is shifted first into the carry flag, and a further shift cycle 
occurs. 
Temp <— (COUNT) 
do while Temp <> 0 
C < Low order bit of (DEST) © 
(DEST) <— (DEST) / 2 where /is signed division 
Temp <— Temp — 1 
end__while 


SHRA wreg, # count 
or ey 
SHRA wreg,breg 


[ 00001010 ][ cnt/breg ][ wreg ] 


Bytes: 3. 
States: 7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Zin |olv| vw st 
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Assembly Language Format: 


Object Code Format: 


84. SHRAB — ARITHMETIC RIGHT SHIFT BYTE 


Operation: The destination (leftmost) byte operand is shifted right as many times as spec- 


ified by the count (rightmost) operand. The count may be specified either as 
an immediate value in the range of 0 to 15 (OFH) inclusive, or as the content of 
any register. Details on indirect shifts can be found in the Overview. If the 
original high order bit value was 0, zeroes are shifted in. If that value was 1, 
ones are shifted in. The last bit shifted out is saved in the carry. The sticky bit 
flag is cleared at the beginning of the instruction, and set if at any time during ~ 
the shift a 1 is shifted first into the carry flag, and a further shift cycle occurs. 


Temp <— (COUNT) 

do while Temp <> 0 
C, = Low order bit of (DEST) 
(DEST) <— (DEST) / 2 where / is signed division 
Temp <— Temp — 1 

end__while 


SHRAB breg, # count 
SHRAB _ breg,breg 


[ 00011010 ][ cnt/breg ][ breg ] 


Bytes: 3 
States: 7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Z{N{clv|vr{ st 
Stead Br 
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Operation: The destination (leftmost) double-word operand is shifted right as many times sus 
as specified by the count (rightmost) operand. The count may be specified “ia 
either as an immediate value in the range of 0 to 15 (OFH) inclusive, or as the ‘ 
content of any register. Details on indirect shifts can be found in the Overview. 


If the original high order bit value was 0, zeroes are shifted in. If the value was Se 
1, ones are shifted in. The sticky bit is cleared at the beginning of the instruc- — ae 
tion, and set if at any time during the shift a 1 is shifted waa into the carry flag, ee 
and a further shift cycle occurs. : ) 
Temp <— (COUNT) tad 
do while Temp <> 0 ae 4 

C < Low order bit of (DEST) | reo ps 

(DEST) <— (DEST) / 2 where / is signed division 4 

Temp <— Temp — 1 ann 
end__while ¥ 

Assembly Language Format: SHRAL __Ireg,#count 

or Ms 


SHRAL lreg,breg 


Object Code Format: [ 00001110 ][ cnt/breg ][ Ireg ] 


Bytes: 3 
States: 7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Zinio} v| vw st] 
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POO SATON: The ; docile (leftmost) byte operand is shifted right as many times as spec- 


Assembly Language Format 


ified by the count (rightmost) operand. The count may be specified either as 


_an immediate value in the range of 0 to 15. (OFH) inclusive, or as the content of 
any register. Details on indirect shifts can be found in the Overview. The left 


bits of the result are filled with zeroes. The last bit shifted out is saved in the 


_ carry. The sticky bit flag is cleared at the beginning of the instruction, and set if 


Object Code Format: 


at any time during the shift a 1 is shifted first into the carry flag, and a further 
shift cycle occurs. 
Temp <— (COUNT) 
do while Temp <>0O- 
C < Low order bit of (DEST) 

(DEST) <— (DEST) / 2 where / is unsigned division 

Temp <— Temp — 1 
end__while 


SHRB. ___ breg, #count 
or 
SHRB _obreg,breg 


[ 00011000 ][ cnt/breg ][ breg ] 


Bytes: 3 
States: 7+ No.ofshiftsperformed — | 
note: 0 place shifts take 8 states. 


Z{n{olv{ vst] 
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87. SHRL— LOGICAL RIGHT SHIFT DOUBLE-WORD i tits 


Operation: The destination (leftmost) double-word operand is shifted right as many times 
as specified by the count (rightmost) operand. The count may be specified — 


Assembly Language Format: 


Object Code Format: 


either as an immediate value in the range of 0 to 15 (OFH) inclusive, or as the 
content of any register. Details on indirect shifts can be found in the Overview. 
The left bits of the result are filled with zeroes. The last bit shifted out is saved 
in the carry. The sticky bit flag is cleared at the beginning of the instruction, 
and set if at any time during the shift a 1 is shifted first into the carry flag, and a 
further shift cycle occurs. 


Temp <~ (COUNT) 

do while Temp <> 0 
C < Low order bit of (DEST) 
(DSET) < (DEST) / 2 where / is unsigned division 
Temp <— Temp — 1 


end__while 


SHRL lreg, #count 
or 
SHRL __Ireg,breg 


[ 00001100 ][ cnt/breg ][ Ireg ] 


Bytes: 3 : 
States: 7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Zin {o}v| vr] st 
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88, SMP — SHORT JUMP ok Egress 2 ES dat. AAO 
3% eae; , Ns el 
SAP Operation: The distance from the end of this instruction to the target label is added to the 
A ee . program counter, effecting the jump. The offset from the end of this instruction 
. to the label must be in the range of — 1024 to + 1023 inclusive. 
PC < PC + disp (sign-extended to 16 bits) 
Assembly Language Format: SJMP cadd 
Object Code Format: [ 00100xxx ][ disp-low ] | 
where xxx holds the three high order bits of the displacement. 
73 Bytes: 2 
States: 8 
Flags Affected 
89. SKIP — TWO BYTE NO-OPERATION 
ek . Operation: Nothing is done. This is actually a two-byte NOP where the second byte can 
a be any value, and is simply ignored. Control passes to the next sequential 


instruction. 


Assembly Language Format: SKIP breg 


Object Code Format: [ 00000000 ][ breg |] 


Bytes: 2 
States: 4 


Flags Affected 
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90. ST — STORE WORD 


Operation: The value of the leftmost word operand is stored into the rightmost operand. 
(DEST) <— (SRC) 


Assembly Language Format: 


Object Code Format: [ 110000aa ][ waop ][ wreg ] 


Flags Affected 


91. STB — STORE BYTE 


Operation: The value of the leftmost byte operand is stored into the rightmost operand. 3 
(DEST) <— (SRC) 


Assembly Language Format: 
breg, . baop 


Object Code Format: [ 110001aa ][ baop ][ breg ] 


Flags Affected 


Wah. 


Operation: The source (rightmost) word operand is subtracted from the destination (left- 
most) word operand, and the result is stored in the destination. The serps flag 
is set as complement of borrow. 


(DEST) <— (DEST) — (SRC) 


: Assembly Language Format: 


Object Code Format: 


DST SRC 
SUB wreg, waop 


[ 011010aa ][ waop J[ wreg ] 


Bytes: 2+ BEA 
States: 4+ CEA 


Flags Affected — 
Z| Nd e) v[ vr er 
eh eee | eh, Eee] 


93. SUB (Three Operands) — SUBTRACT WORDS 


Operation: 


Assembly Language Format: \ 


Object Code Format: 


The source (rightmost) word operand is subtracted from the second word 
operand, and the result is stored in the destination (the leftmost operand). The 
carry flag is set as complement of borrow. 


(DEST) <— (SRC1) — (SRC2) 


DST  SRC1 SRC2, 
SUB wreg, wreg, waop 


[ 010010aa ][ waop ][ Sweg ][ Dwreg ] 


Bytes: 3 + BEA 
States: 5+ CEA 


Flags Affected 


18-52 
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94. SUBB 


Operation: The source (rightmost) byte is subtracted from the destination (leftmost) byte 
operand, and the result is stored in the destination. The carry flag is set as 


Assembly Language Format: 


Object Code Format: [ 011110aa ][ baop ][ breg ] 


95. SUBB (Three Operands) — SUBTRACT BYTES 


pe 


(Two Operands) — SU 
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complement of borrow. | 
(DEST) <— (DEST) — (SRC) > 


DST SRC 
SUBB breg, baop 


Bytes: 2+ BEA 
States 4+ CEA 


= 5 ie 
ie 


BTRACT BYTES. 


wf ‘ psi pe . . “ -* . 
oe +f ‘ +s Ty : - - ca 


Flags Affected | 


Operation: The source (rightmost) byte operand is subtracted from the second byte oper- 
and, and the result is stored in the destination (the leftmost operand). The 
carry flag is set as complement of borrow. 


Assembly Language Format: 


(DEST) <~- (SRC1) — (SRC2) 


DST SRC1  SRC2 
SUBB breg, Sbreg baop 


Object Code Format: [ 010110aa ][ baop ][ Sbreg ]}[ Dbreg ] 


Bytes: 3 + BEA 
States: 5+ CEA 


Z| n|clv | vw st) 
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96. SUBC — SUBTRACT WORDS WITH BORROW 


Operation: 


Assembly Language Format: 


Object Code Format: 


The source (rightmost) word operand is subtracted from the destination (left- 
most) word operand. If the carry flag was clear, 1 is subtracted from the above 
result. The result replaces the orignal destination operand. The carry flag is 
set as complement of borrow. 


(DEST) <— (DEST) — (SRC) — (1-C) 


DST SRC 
SUBC wreg, waop 


[ 101010aa ][ waop ][ wreg ] 


Bytes: 2+ BEA 
States: 4+ CEA 


Zz {N| ol v{vr{ st 
WR Ree Ae as 


97. SUBCB — SUBTRACT BYTES WITH BORROW 


Operation: 


Assembly Language Format: 


Object Code Format: 


The source (rightmost) byte operand is subtracted from the destination (left- 
most) byte operand. If the carry flag was clear, 1 is subtracted from the above 
result. The result replaces the original destination operand. The carry flag is 
set as complement of borrow. 


(DEST) <— (DEST) — (SRC) — (1-C) 


DST SRC 
SUBCB_ breg,  baop 


[ 101110aa ][ baop ][ breg ] 


Bytes: 2+ BEA 
States 4+ CEA 


Zin] olv| vt] st 
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98. TRAP — SOFTWARE TRAP 


Operation: This instruction causes an interrupt-call which is vectored through location 
2010H. The operation of this instruction is not effected by the state of the 
interrupt enable flag in the PSW (|). Interrupt-calls cannot occur immediately 
following this instruction. This instruction is intended for use by Intel provided 
development tools. These tools will not support user-application of this in- aime 
struction. 
oP SP ae a 
(SP) <— PC Sx 
PC < (2010H) } + 


Assembly Language Format: 


Object Code Format: 


Bytes: , 
States Onchip Stack: 21 


This instruction is not supported by revision 1.0 of the 8096 assembly lan- * 
guage. 5 


[ 11110111 ] 


1 


Offchip Stack: 24 


Flags Affected | “, 


99. XOR — LOGICAL EXCLUSIVE-OR WORDS 


Operation: 


Assembly Language Format: 


Object Code Format: 


The source (rightmost) word operand is XORed with the destination (leftmost) 
word operand. Each bit is set to 1 if the corresponding bit in either the source 
operand or the destination operand was 1, but not both. The result replaces 
the original destination operand. 


(DEST) <— (DEST) XOR (SRC) 


~ 


DST SRC 
XOR wreg, waop : 


[ 100001aa ][ waop ][ wreg ] 


Bytes: 2+ BEA 
States: 4+ CEA 
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Operation: The source (rightmost) byte operand is XORed with the destination (leftmost) 

2: byte operand. Each bit is set to 1 if the corresponding bit in either the source 
iam . 7 operand or the destination operand was 1, but not both. The result replaces 
prod. eae the original destination operand. 


a ; (DEST) <— (DEST) XOR (SRC) 


ox _ Assembly Language Format: DST SRC 
ee XORB beg, _—_baop 


ie | 
2 ae Oblect Come Formef.t.: 10010188 J L--bagg. ait preg... 


i ae Bytes: 2+ BEA 
we States: 4+ CEA 


¥ 
ae 
“ 


* 
yr 


=f 


Z{ni[cl{v| vw st 
lw ek Oe es 


ine ak 
m" * 
ze Pale ey 


x 


e a 
the 
? irk 


>. [oS 
-_ 


4 
av). 8 


£ 

- 
af) * 

wa 
“4 
a od 
oe 


%) 
£ ; 
ee ie 
vs" OY 
>. os 
asters 
* Ln 
: 


a“ 
a 
é 


18-56 


, h hie a 


dware Design 


Information 


f 


7 i re, ye aia 
Takao’ a aS 


py RO 


. 
# 
uy 


— 


_— ieee li a 


a 
Pal 
eh bw 


. 
+,» 


* 
al 
~~ 
| 
Si I 


‘\ 


BN de) Ae Oe aa ghee em Dy hy eh oe minaret se 
P 
vi 
‘ 
. 


* 
‘ 


£2 a ra - a) ay vy" 


* 
. 

‘ 

. 


7 * cs : ‘ 


* 
> 
- 


' 
+ 
- 
= 
wet 
ay 
A] 
‘ 
Me 
wo 
» 
‘ 


> 
‘ 
« 
* 
* 
* 
. 
« 
‘ 
£ 
. 
s 


‘ 
oes Flee 
~~ 
’ 
‘< 
-o# 
a 
- 
° 
. 
s 
® 


s 
' 

. 
* 

a 


¥ 
- 
rt * 
i 

’ 

} 


a? 


—“. * 
~ 


‘ 
‘ 
te el be 
. 
f 
“ 
* 
, 


re 


Meat Th, 
> | 


ag he =) op ly ree —— ‘ 
Lane OPE: 4 ae be} e ie ap 2 = ‘ 


MCS®-96 HARDWARE DESIGN INFORMATION 


OVERVIEW 


This Chapter of the manual is devoted to the hardware 
engineer. All of the information you need to connect 
the correct pin to the correct external circuit is provid- 
ed. Many of the special function pins have different 
characteristics which are under software control, there- 
fore, it is necessary to define the system completely be- 
fore the hardware is wired-up. 


Frequently within this chapter a specification for a cur- 
rent, voltage, or time period is referred to; the values 
provided are to be used as an approximation only. The 
exact specification can be found in the latest data sheet 
for the particular part and temperature range that is 
being used. 


1.0 REQUIRED HARDWARE 
CONNECTIONS 


Although the 8096BH is a single-chip microcontroller, 
it still requires several external connections to make it 
work. Power must be applied, a clock source provided, 
and some form of reset circuitry must be present. We 
will look at each of these areas of circuitry separately. 
Figure 6 shows the connections that are needed for a 
single-chip system. 


1.1 Power Supply Information 


Power for the 8096BH flows through six pins; they are: 
three positive voltage pins—Vcc (digital), Vprr (Port 
0 digital I/O and A/D power), Vpp (power down 
mode); and three common returns—two Vsg pins and 
one ANGND pin. All six of these pins must be con- 
nected on the 8096BH for normal operation. The Vcc 
pin, VpFF pin and Vpp pin should be tied to 5 volts. 
The two Vss pins and the ANGND pin must be 
grounded. When the analog to digital converter is being 
used it may be desirable to connect the VREF pin to a 
separate power supply, or at least a separate power sup- 
ply line. 


The three common return pins should be connected at 
the chip with as short a lead as possible to avoid prob- 
lems due to voltage drops across the wiring. There 
should be no measurable voltage difference between 
Vss1 and Vss2. The two Vssg pins and the ANGND pin 
must all be nominally at 0 volts. The maximum current 
drain of the 8096BH is around 180 mA, with all lines 
unloaded. 
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When the analog converter is being used, clean, stable 
power must be provided to the analog section of the 
chip to assure highest accuracy. To achieve this, it may 
be desirable to separate the analog power supply from 
the digital power supply. The Vprgr pin supplies the 
digital circuitry in the A/D converter and provides the 
5 volt reference to the analog portion of the converter. 
Vrer and ANGND must be connected even if the 
A/D converter is not used. More information on the 
analog power supply is in Section 3.1. 


1.2 Other Needed Connections 


Several other connections are needed to configure the 
8096BH. In normal operation the following pins should 
be connected to the indicated power supply. 


| Pin | _— Power Supply 


Vcc (to allow internal execution) 
Vss (to force external execution) 


Although the EA pin has an internal pulldown, it is 
best to tie this pin to the desired level. This will prevent 
induced noise from disturbing the system. With the ex- 
ception of 8X9X devices, raising EA to + 12.75 volts 
will place an 8096BH in a special operating mode de- 
signed for programming and program memory verifica- 
tion (see Section 10). 


1.3 Oscillator Information 


The 8096BH requires a clock source to operate. This 
clock can be provided to the chip through the XTALI1 
input or the on-chip oscillator can be used. The fre- 
quency of operation is from 6 MHz to 12 MHz. 


The on-chip circuitry for the 8096BH oscillator is a 
single stage linear inverter as shown in Figure 1. It is 
intended for use as a crystal-controlled, positive reac- 
tance oscillator with external connections as shown in 
Figure 2. In this application, the crystal is being operat- 
ed in its fundamental response mode as an inductive 
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reactance in parallel resonance with shunt capacitance 
external to the crystal. 


The crystal specifications and capacitance values (C1 
and C2 in Figure 2) are not critical. Thirty pF can be 
used in these positions at any frequency with good 
quality crystals. For 0.5% frequency accuracy, the 
crystal frequency can be specified at series resonance or 


TO DIVIDER CIRCUITRY 
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Figure 2. Crystal Oscillator Circuit 


for parallel resonance with any load capacitance. (In 
other words, for that degree of frequency accuracy, the 
load capacitance simply doesn’t matter.) For 0.05% 
frequency accuracy the crystal frequency should be 
specified for parallel resonance with 25 pF load capaci- 
tance, if C1 and C2 are 30 pF. 


A more in-depth discussion of crystal specifications and 
the selection of values for C1 and C2 can be found in 
the Intel Application Note, AP-155, “Oscillators for 


- Microcontrollers.” 
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To drive the 8096BH with an external clock source, 
apply the external clock signal to XTALI1 and let 
XTAL2 float. An example of this circuit is shown in 
Figure 3. The required voltage levels on XTALI are 
specified in the data sheet. The signal on XTAL1 must 
be clean with good solid levels. 


It is important that the minimum high and low times 
are met to avoid having the XTALI pin in the tran- 
sition range for long periods of time. The longer the 
signal is in the transition region, the higher the proba- 
bility that an external noise glitch could be seen by the 
clock generator circuitry. Noise glitches on the 8096BH 
internal clock lines will cause unreliable operation. 


The clock generator provides a 3 phase clock output 


from the XTALI pin input. Figure 4 shows the wave- 
forms of the major internal timing signals. 


DIVIDER CIRCUITRY 
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Figure 3. External Clock Drive 
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Figure 4. Internal Timings 


1.4 Reset Information 


In order for the 8096BH to function properly it must be 
reset. This is done by holding the RESET pin low for at 
least 2 state times after the power supply is within toler- 
ance and the oscillator has stabilized. 


On 8X9X devices the RESET pin must be held low long 
enough for the power supply, oscillator and back-bias 
generator to stabilize. Typically, the back-bias generator 
requires one millisecond to stabilize. 


After the RESET pin is brought high, a ten state reset 
sequence is executed. During this time, the Chip Con- 
figuration Byte (CCB) is read from location 2018H and 
written to the 8096BH Chip Configuration Register 
(CCR). If the voltage on the EA pin selects the inter- 
nal/external execution mode the CCB is read from in- 


ALE/ ADV 


RESET . | 


ADV SELECTED 


CHIP THE BYTE(8=BIT BUS), 
CONFIGURATION 
BYTE AT 2080H 
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ternal ROM/EPROM. If the voltage on the EA pin 
selects the external execution only mode the CCB is 
read from external memory. See Figure 5. 


On 8X9X devices, the CCB read does not occur, and 
ALE is high while RESET is held low. 


There are several ways to provide a good reset to an 
8096BH, the simplest being just to connect a capacitor 
from the reset pin to ground. The capacitor should be 
on the order of 2 microfarads for every millisecond of 
reset time required. This method will only work if the 
rise time of Vcc is fast and the total reset time is less 
than around 50 milliseconds. It also may not work if 
the RESET pin is to be used to reset other parts on the 
board. An 8096BH with the minimum required connec- 
tions is shown in Figure 6. 


ALE SELECTED 


OR WORD(16=BIT BUS), 
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Figure 5. Reset Sequence 
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NOTES: 
1. These capacitors are needed only if A to D is used. 
2. VREF & ANGND may be connected to the same traces as the digital power supply if the A to D is not used. 


Figure 6. Minimum Hardware Connections 
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NOTE: 
1. The diode will provide a faster cycle time repetitive power-on-resets. 


Figure 7. Multiple Chip Reset Circuit 


The 8096BH RESET pin can be used to allow other A capacitor directly connected to RESET cannot be 


chips on the board to make use of the Watchdog Timer used to reset the part if the pin is to be used as an 
or the RST instruction. When this is done the reset output. If a large capacitor is used, the pin will pull- 
hardware should be a one-shot with an open collector down more slowly than normal. It will continue to pull- 
output. The reset pulse going to the other parts may down until the 8096BH is reset. It could fall so slowly 
have to be buffered and lengthened with a one-shot, that it never goes below the internal switch point of the 
since the RESET low duration is only two state times. reset signal (1 to 1.5 volts), a voltage which may be 
If this is done, it is possible that the 8096BH will be above the guaranteed switch point of external circuitry 
reset and start running before the other parts on the connected to the pin. A circuit example is shown in 
board are out of reset. The software must account for Figure 7. 


this possible problem. 
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1.5 Sync Mode 


If RESET is brought high at the same time as or just 
after the rising edge of XTAL1, the part will start exe- 
cuting the 10 state time RST instruction exactly 6'/, 
XTALI cycles later. This feature can be used to syn- 
chronize several MCS-96 devices. A diagram of a typi- 
cal connection is shown in Figure 8. It should be noted 
that parts that start in sync may not stay that way, due 
to propagation delays which may cause the synchroniz- 
ed parts to receive signals at slightly different times. 


1.6 Disabling the Watchdog Timer 


The Watchdog Timer will pull the RESET pin low 
when it overflows. See Figure 9. If the pin is being 
externally held above the low going threshold, the pull- 
down transistor will remain on indefinitely. This means 
that once the watchdog overflows, the part must be 
reset or RESET must be held high indefinitely. Just 


8096BH CHIP 
RESET 


WATCHDOG TIMER 
OVERFLOW 


RESET INSTRUCTION 
(OFFH) 


resetting the Watchdog Timer in software will not clear 
the flip-flop which keeps the RESET pulldown on. 


The pulldown is capable of sinking on the order of 30 
milliamps if it is held at 2.0 volts. This amount of cur- 
rent may cause some long term reliability problems due 
to localized chip heating. For this reason, parts that 
will be used in production should never have had the 
Watchdog Timer over-ridden for more than a second or 
two. 


Whenever the reset pin is being pulled high while the 
pulldown is on, it should be through a resistor that will 
limit the voltage on RESET to 2.5 volts and the current 
through the pin to 40 milliamps. 


If it is necessary to disable the Watchdog Timer for 
more than a brief test the software solution of never 


initiating the timer should be used. See Section 14 in 
the Architecture Chapter. 
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Figure 9. Reset Logic 
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1.7 Power Down Circuitry 


Battery backup can be provided on the 8096BH with a 
1 mA current drain at 5 volts. This mode will hold 
locations OFOH through OFFH valid as long as the 
power to the Vpp pin remains on. The required timings 
to put the part into power-down and an overview of 
this mode are given in Section 4.2 in the MCS-96 Ar- 
chitecture Chapter. 7 


A ‘key’ can be written into power-down RAM while 
the part is running. This key can be checked on reset to 
determine if it is a start-up from power-down or a com- 
plete cold start. In this way the validity of the power- 
down RAM can be verified. The length of this key de- 
termines the probability that this procedure will work, 
however, there is always a statistical chance that the 
RAM will power up with a replica of the key. 


Under most circumstances, the power-fail indicator 
which is used to initiate a power-down condition must 
come from the unfiltered, unregulated section of the 
power supply. The power supply must have sufficient 
storage capacity to operate the 8096BH until it has 
completed its reset operation. 


2.0 DRIVE AND INTERFACE LEVELS 


There are five types of I/O lines on the 8096BH. Of 
these, two are inputs and three are outputs. All of the 
pins of the same type have the same current/voltage 
characteristics. Some of the control input pins, such as 
XTALI1 and RESET, may have slightly different char- 
acteristics. These pins are discussed in Section 1. 


While discussing the characteristics of the I/O pins 
some approximate current or voltage specifications will 
be given. The exact specifications are available in the 
lastest version of the data sheet that corresponds to the 
part being used. 


2.1 Quasi-Bidirectional Ports 


The Quasi-Bidirectional pins of Port 1, Port 2.6, and 
Port 2.7 have both input and output port configura- 
tions. They have three distinct states; low impedance 
current sink (Q2), low impedance current source (Q1), 
and high impedance current source (Q3). As a low im- 
pedance current sink, the pin has specification of sink- 
ing up to around 0.5 mA, while staying below 0.45 
volts. The pin is placed in this condition by writing a ‘0’ 
to the SFR (Special Function Register) controlling the 
pin. 


Examine Figure 10. When a ‘1’ is written to the SFR 
location controlling the pin, Ql (a low impedance 
MOSFET pullup) is turned on for one state time, then 
it is turned off and the depletion pullup holds the line at 
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a logical ‘1’ state. The low-impedance pullup is used to 
shorten the rise time of the pin, and has current source 
capability on the order of 100 times that of the deple- 
tion pullup. 


While the depletion mode pullup is the only device on, 
the pin may be used as an input with a leakage of 
around 100 microamps from 0.45 volts to VCC. It is 
ideal for use with TTL or CMOS chips and may even 
be used directly with switches. However if the switch 
option is used, certain precautions should be taken. It is 
important to note that any time the pin is read, the 
value returned will be the value on the pin, not the 
value placed in the control register. This could cause 
logical operations made directly on these pins to inda- 
vertently write a 0 to pins being used as inputs. In order 
to perform logical-operations on a port where a quasi- 
bidirectional pin is an input, it is necessary to guarantee 
that the bit associated with the input pin is always a one 
when writing to the port. 


2.2 Quasi-Bidirectional Hardware 
Connections 


When using the quasi-bidirectional ports as inputs tied 
to switches, series resistors may be needed if the ports 
will be written to internally after the part is initialized. 
The amount of current sourced to ground from each 
pin is tyically 20 mA or more. Therefore, if all 8 pins 
are tied to ground, 160 mA will be sourced. This is 
equivalent to instantaneously doubling the power used 
by the chip and may cause noise in some applications. 


This potential problem can be solved in hardware or 
software. In software, never write a zero to a pin being 
used as an input. 


In hardware, a 1K resistor in series with each pin will 
limit current to a reasonable value without impeding 
the ability to override the high impedance pullup. If all 
8 pins are tied together a 120( resistor would be rea- 
sonable. The problem is not quite as severe when the 
inputs are tied to electronic devices instead of switches, 
as most external pulldowns will not hold 20 mA to 0.0 
volts. 


Writing to a Quasi-Bidirectional Port with electronic 
devices attached to the pins requires special attention. 
Consider using P1.0 as an input and trying to toggle 
P1.1 as an output: 

ORB 


IOPORT1, #00000001B ; Set P1.0 


; for tnput 
; Complement 


’ rhs 


XORB IOPORT1, #00000010B 


The first instruction will work as expected but two 
problems can occur when the second instruction exe- 
cutes. The first is that even though P1.1 is being driven 


-Mcs.96' HARDWARE DESIGN diag 


PORT 1 
PORT 2.6, PORT 2.7 


INTERNAL 


CLOCK 


LOW IMPEDANCE | 
PULLUP 


TYPICAL 


NOTE: 


HIGH IMPEDANCE 
PULLUP PULLDOWN 


é 
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LOW IMPEDANCE 


TYPICAL TYPICAL 
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These graphs show typical pin capabilities, they are not guaranteed specifications 


Figure 10. Quasi-Bidirectional Port 


high by the 8096 it is possible that it is being held low 


externally. This typically happens when the port pin is 
used to drive the base of an NPN transistor which in 
turn drives whatever there is in the outside world which 
needs to be toggled. The base of the transistor will 
clamp the port pin to the transistor’s Vbe above 
ground, typically 0.7V. The 8096 will input this value 
as a zero even if a one has been written to the port pin. 
When this happens the XORB instruction will always 
write a one to the port pin’s SFR and the pin will not 
toggle. 


The second problem, which is related to the first, is that 
if P1.0 happens to be driven to a zero when Port 1 is 
read by the XORB instruction, then the XORB will 
write a zero to P1.0 and it will no longer be useable as 
an input. 


The first situation can best be solved by the external 


driver design. A series resistor between the port pin and 


_ the base of the transistor often works by bringing up 


the voltage present on the port pin. The second case can 
be taken care of in the software fairly easily: 


LDB AL, IOPORTL 
XORB AL, #010B 
ORB AL, #001B 
STB AL, IOPORT1 


A software solution to both cases is to keep a byte in 
RAM as an image of the data to be output to the port; 
any time the software wants to modify the data on the 
port it can then modify the image byte and copy it to 
the port. 


If a switch is used on a long line connected to a quasi- 
bidirectional pin, a pullup resistor is recommended to 
reduce the possibility of noise glitches and to decrease 
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the rise time of the line. On extremely long lines that 
are handling slow signals, a capacitor may be helpful in 
addition to the resistor to reduce noise. 


2.3 Input Only Ports 


The high impedance input pins on the 8096BH have an 
input leakage of a few microamps and are predominant- 
ly capacitive loads on the order of 10 pF. 


Port 0 pins are special in that they may individually be 
used as digital inputs, or as analog inputs. A Port 0 pin 
being used as a digital input acts as the high impedance 
input ports just described. However, Port 0 pins being 
used as analog inputs are required to provide current to 
the internal sample capacitor when a conversion begins. 
This means that the input characteristics of a pin will 
change if a conversion is being done on that pin. See 
Section 3. In either case, if Port 0 is to be used as analog 
or digital I/O, it will be necessary to provide power to 
this port through the VprprF pin. 


Port 0 pins on 8X9X devices being used as analog inputs 
are required to provide current to an internal capacitor 


BUS OUTPUT 
ENABLE 


BUS DATA 
PORT ENABLE 


PORT DATA 


BUS PULLUP 
BUS 


TYPICAL 


NOTE: 


BUS PULLDOWN 
BUS, P1, P2 


multiple times while a conversion is in progress. This 
means that the input characteristics of a Port 0 pin will 
change if a conversion is being done on that pin. See 
Section 3. 


2.4 Open Drain Ports 


Ports 3 and 4 on the 8096BH are open drain ports. 
There is no pullup when these pins are used as I/O 
ports. These pins have different characteristics when 
used as bus pins as described in the next section. A 
diagram of the output buffers connected to Ports 3 and 
4 and the bus pins is shown in Figure 11. 


When Ports 3 and 4 are to be used as inputs, or as bus 
pins, they must first be written with a ‘1’. This will put 
the ports in a high impedance mode. When they are 
used as outputs, a pullup resistor must be used external- 
ly. The sink capability of these pins is on the order of 
0.4 milliamps so the total pullup current to the pin 
must be less than this. A 15K pullup resistor will 
source a maximum of 0.33 milliamps, so it would be a 
reasonable value to choose if no other circuits with 
pullups were connected to the pin. 


PORT 3,4 OPEN DRAIN 
~~ priver 
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BUS, P1, P2 


TYPICAL TYPICAL 
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These graphs show typical pin capabilities, they are not guaranteed specifications. 


Figure 11. Bus and Port 3 and 4 Pins 
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2.5 HSO Pins, Control Outputs and 
Bus Pins 


The control outputs and HSO pins have output buffers 
with the same output characteristics as those of the bus 
pins. Included in the category of control outputs are: 
TXD, RXD (in Mode 0), PWM, CLKOUT, ALE, 
BHE, RD, and WR. The bus pins have 3 states: output 
high, output low, and high impedance input. As a high 
output, the pins are specified to source around 200 pA 
to 2.4 volts, but the pins can source on the order of ten 
times that value in order to provide the fast rise times. 
When used as a low output, the pins can sink around 
2 mA at 0.45 volts, and considerably more as the volt- 
age increases. When in the high impedance state, the 
pin acts as a capacitive load with a few microamps of 
leakage. Figure 11 shows the internal configuration of a 
bus pin. 


3.0 ANALOG INPUTS 


The on-chip A/D converter of the 8096BH can be used 
to digitize analog inputs while analog outputs can be 


87101 | SAMPLE 


ANALOG AND 
MULTIPLEXER HOLD 


ANALOG INPUTS 


generated with either the chip’s PWM output or HSO 
unit. This section describes the analog input sugges- 
tions. See Section 4 for analog output. 


The 8096BH’s Integrated A/D converter includes an 
eight channel analog multiplexer, sample-and-hold cir- 
cuit and 10-bit analog to digital converter (Figure 12). 
The 8096BH can therefore select one of eight analog 
inputs to convert, sample-and-hold the input voltage 
and convert the voltage into a digital value. Each con- 
version takes 22 microseconds, including the time re- 
quired for the sample-hold (with XTAL1 = 12 MHz). 
The method of conversion is successive approximation. 


Section 3.6 contains the definitions of numerous terms 
used in connection with the A/D converter. 


The A/D converter of 8X9X devices does not contain a 
Sample-and-Hold and has a conversion time of 42 ys 
(12 MHz on XTAL1). Section 3.5 discusses the differ- 
ences. 


SUCCESSIVE 
APPROXIMATION 
A/D 
CONVERTER 


ONTROL LOGIC 


NOTE: 
1. Sample and hold not on 8X9X devices. 


START 


CONVERSION 
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Figure 12. A/D Converter Block Diagram 
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3.1 A/D Overview 


The conversion process is initiated by the execution of 
HSO command OFH, or by writing a one to the GO Bit 
in the A/D Control Register. Either activity causes a 
start conversion signal to be sent to the A/D converter 
control logic. If an HSO command was used, the con- 
version process will begin when Timer 1 increments. 
This aids applications attempting to approach spectral- 
ly pure sampling, since successive samples spaced by 
equal Timer 1 delays will occur with a variance of 
about +50 ns (assuming a stable clock on XTALI). 
However, conversions initiated by writing a one to the 
ADCON register GO Bit will start within three state 
times after the instruction has completed execution re- 
sulting in a variance of about 0.75 ws (XTALI1 = 
12 MHz). 


Once the A/D unit receives a start conversion signal, 
there is a one state time delay before sampling (sample 
delay) while the successive approximation register is re- 
set and the proper multiplexer channel is selected. Af- 
ter the sample delay, the multiplexer output is connect- 
ed to the sample capacitor and remains connected for 
four state times (sample time). After this four state time 
“sample window” closes, the input to the sample capac- 
itor is disconnected from the multiplexer so that chang- 
es on the input pin will not alter the stored charge while 
the conversion is in progress. The comparator is then 
auto-zeroed and the conversion begins. The sample de- 
lay and sample time uncertainties are each approxi- 
mately +50 ns, independent of clock speed. 


To perform the actual analog-to-digital conversion the 
8096BH implements a successive approximation algo- 
rithm. The converter hardware consists of a 256-resis- 
tor ladder, a comparator, coupling capacitors and a 
10-bit successive approximation register (SAR) with 
logic that guides the process. The resistor ladder pro- 
vides 20 mV steps (Vypr = 5.12V), while capacitive 
coupling is used to create 5 mV steps within the 20 mV 
ladder voltages. Therefore, 1024 internal reference volt- 
ages are available for comparison against the analog 
input to generate a 10-bit conversion result. 


A successive approximation conversion is performed by 
comparing a sequence of reference voltages, to the ana- 
log input, in a binary search for the reference voltage 
that most closely matches the input. The '/ full scale 
reference voltage is the first tested. This corresponds to 
a 10-bit result where the most significant bit is zero, 
and all other bits are ones (0111.1111.11b). If the ana- 
log input was less than the test voltage, bit 10 of the 
SAR is left a zero, and a new test voltage of '/, full scale 
(0011.1111.11b) is tried. If this test voltage was lower 
than the analog input, bit 9 of the SAR is set and bit 8 
is cleared for the next test (0101.1111.11b). This binary 
search continues until 10 tests have occurred, at which 
time the valid 10-bit conversion result resides in the 
SAR where it can be read by software. | 


The total number of state times required is 88 for a 
10-bit conversion. Attempting to short-cycle the 10-bit 
conversion process by reading A/D results before the 
done bit is set is not recommended. 


3.2 A/D Interface Suggestions 


The external interface circuitry to an analog input is 
highly dependent upon the application, and can impact 
converter characteristics. In the external circuit’s de- 
sign, important factors such as input pin leakage, sam- 
ple capacitor size and multiplexer series resistance from 
the input pin to the sample capacitor must be consid- 
ered. 


For the 8096BH, these factors are idealized in Figure 
13. The external input circuit must be able to charge a 
sample capacitor (Cs) through a series resistance (Rj) 
to an accurate voltage given a D.C. leakage (I). On the 
8096BH, Cz is around 2 pF, Ry is around 5 K) and I, 
is specified as 3 »A maximum. In determining the nec- 
essary source impedance Rg, the value of Vpyas is not 
important. 


Rsource 
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Figure 13. ldealized A/D Sampling Circuitry 


- External circuits with source impedances of 1 K or 
less will be able to maintain an input voltage within a 
tolerance of about +0.61 LSB (1.0 KM X 3.0 pA 
= 3.0 mV) given the D.C. leakage. Source impedances 
above 2 K®?) can result in an external error of at least 
one LSB due to the voltage drop caused by the 1 nA 
leakage. In addition, source impedances above 25 KN. 
may degrade converter accuracy as a result of the inter- 
nal sample capacitor not being fully charged during the 
1 ps (12 MHz clock) sample window. 


It is important to note that source impedance require- 
ments relax if an external capacitor of sufficient size is 
attached directly to the analog input pin. Since the in- 
ternal sample capacitor is around 2.0 pF, an external 
0.005 F capacitor (2048 X< 2.0 pF) should provide an 
accurate input voltage to +0.5 LSB. If there is leakage 
on the capacitor, the value of the capacitor must be 
increased to compensate for the leakage. For example, 
assuming just the 3 wA D.C. leakage caused by the 
8096BH, 0.6 mV (less than 0.15 LSB) will be lost from 
a 0.005 uF capacitor in 1 ps. Therefore, the capacitor 
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connected externally to the pin should be at least 0.005 
uF if the source impedance is too large to provide the 
needed accuracy on its own. However, if the external 
signal changes slowly, it is recommended that the larg- 
est acceptable capacitance be used, given the input sig- 
nal frequency. 


Placing an external capacitor on each analog input will 
also reduce the sensitivity to noise, as the capacitor 
combines with series resistance in the external circuit to 
form a low-pass filter. In practice, one should include a 
small series resistance prior to the external capacitor on 
the analog input pin and choose the largest capacitor 
value practical, given the frequency of the signal being 
converted. This provides a low-pass filter on the input, 
while the resistor will also limit input current during 
over-voltage conditions. 


Figure 14 shows a simple analog interface circuit based 
upon the discussion above. The circuit in the figure also 
provides limited protection against over-voltage condi- 
tions on the analog input. Should the input voltage in- 
appropriately drop significantly below ground, diode 
D2 will forward bias at about 0.8 DCV. Since the speci- 
fication of the pin has an absolute maximum low volt- 
age rating of —0.3 DCV, this will leave about 0.5 DCV 
across the 2702 resistor, or about 2.0 mA of current. 
This should limit current to a safe amount. However, 
before any circuit is used in an actual application, it 
should be thoroughly analyzed for applicability to the 
specific problem at hand. 


ANALOG 
INPUT PIN 


FROM USER CIRCUIT 
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Figure 14. Suggested A/D Input Circuit 


3.3 Analog References 


Reference supply levels strongly influence the absolute 
accuracy of the conversion. For this reason, it is recom- 
mended that the ANGND pin be tied to the two Vss 
pins as close to the chip as possible with minimum trace 
length. Bypass capacitors should also be used between 
VreF and ANGND. ANGND should be within about 
a tenth of a volt Vss. Vrrr should be well regulated 
and used only for the A/D converter. The Vpprr supply 
can be between 4.5V and 5.5V and needs to be able to 
source around 5 mA. Figure 6 shows all of these con- 
nections. 


Note that if only ratiometric information is desired, 
VREF can be connected to Vcc. In addition, Vprr 


and ANGND must be connected even if the A/D con- 
verter is not being used. Remember that Port 0 receives 
its power from the Vpzr and ANGND pins even when 
it is used as digital I/O. 


3.4 The A/D Transfer Function 


The conversion result is a 10-bit ratiometric representa- 
tion of the input voltage, so the numerical value ob- 
tained from the conversion will be: 


INT [1023 x (Vin — ANGND)/(Vacr — ANGND)]. 


This produces a stair-stepped transfer function when 
the output code is plotted versus input voltage (see Fig- 
ure 15). The resulting digital codes can be taken as 
simple ratiometric information, or they can be used to 
provide information about absolute voltages or relative 
voltage changes on the inputs. The more demanding 
the application is on the A/D converter, the more im- 
portant it is to fully understand the converter’s opera- 
tion. For simple applications, knowing the absolute er- 
ror of the converter is sufficient. However, closing a 
servo-loop with analog inputs necessitates a detailed 
understanding of an A/D converter’s operation and er- 
rors. 


The errors inherent in an analog-to-digital conversion 
process are many: quantizing error; zero offset; full- 
scale error; differential non-linearity; and non-linearity. 
These are “transfer function” errors related to the A/D 
converter. In addition, converter temperature drift, 
Vcc rejection, sample-hold feedthrough, multiplexer 
off-isolation, channel-to-channel matching and random 
noise should be considered. Fortunately, one “Absolute 
Error” specification is available which describes the 
sum total of all deviations between the actual conver- 
sion process and an ideal converter. However, the vari- 
ous sub-components of error are important in many 
applications. These error components are described in 
Section 3.5 and in the text below where ideal and actual 
converters are compared. 


An unavoidable error simply results from the conver- 
sion of a continuous voltage to an integer digital repre- 
sentation. This error is called quantizing error, and is 
always +0.5 LSB. Quantizing error is the only error 
seen in a perfect A/D converter, and is obviously pres- 
ent in actual converters. Figure 15 shows the transfer 
function for an ideal 3-bit A/D converter (i.e. the Ideal 
Characteristic). 


Note that in Figure 15 the Ideal Characteristic possess- 
es unique qualities: it’s first code transition occurs when 
the input voltage is 0.5 LSB; it’s full-scale code tran- 
sition occurs when the input voltage equals the full- 
scale reference minus 1.5 LSB; and it’s code widths are 
all exactly one LSB. These qualities result in a digitiza- 
tion without offset, full-scale or linearity errors. In oth- 
er words, a perfect conversion. 
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Figure 16 shows an Actual Characteristic of a hypo- 
thetical 3-bit converter, which is not perfect. When the 
Ideal Characteristic is overlaid with the imperfect char- 
acteristic, the actual converter is seen to exhibit errors 
in the location of the first and final code transitions and 
code widths. The deviation of the first code transition 
from ideal is called “‘zero offset”, and the deviation of 
the final code transition from ideal is “full-scale error’. 
The deviation of the code widths from ideal causes two 
types of errors. Differential Non-Linearity and Non- 
Linearity. Differential Non-Linearity is a local linearity 
error measurement, whereas Non-Linearity is an over- 
all linearity error measure. 


Differential Non-Linearity is the degree to which actual 
code widths differ from the ideal one LSB width. Dif- 
ferential Non-Linearity gives the user a measure of how 
much the input voltage may have changed in order to 
produce a one count change in the conversion result. 
Non-Linearity is the worst case deviation of code tran- 
sitions from the corresponding code transitions of the 
Ideal Characteristic. Non-Linearity describes how 
much Differential Non-Linearities could add up to pro- 
duce an overall maximum departure from a linear char- 
acteristic. If the Differential Non-Linearity errors are 
too large, it is possible for an A/D converter to miss 
codes or exhibit non-monotonicity. Neither behavior is 
desireable in a closed-loop system. A converter has no 
missed codes if there exists for each output code a 
unique input voltage range that produces that code 
only. A converter is monotonic if every subsequent 
code change represents an input voltage change in the 
same direction. 


Differential Non-Linearity and Non-Linearity are 
quantified by measuring the Terminal Based Linearity 
Errors. A Terminal Based Characteristic results when 
an Actual Characteristic is shifted and rotated to elimi- 
nate zero offset and full-scale error (see Figure 17). The 
Terminal Based Characteristic is similar to the Actual 
Characteristic that would be seen if zero offset and full- 
scale error were externally trimmed away. In practice, 
this is done by using input circuits which include gain 
and offset trimming. In addition, VREF on the 
8096BH could also be closely regulated and trimmed 
within the specified range to affect full-scale error. 


Other factors that affect a real A/D Converter system 
include sensitivity to temperature, failure to completely 
reject all unwanted signals, multiplexer channel dissim- 
ilarities and random noise. Fortunately these effects are 
small. 


Temperature sensitivities are described by the rate at 
which typical specifications change with a change in 
temperature. 


Undesired signals come from three main sources. First, 
noise on VCC—VCC Rejection. Second, input signal 
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changes on the channel being converted after the sam- 
ple window has closed—Feedthrough. Third, signals 
applied to channels not selected by the multiplexer— 
Off-Isolation. 


Finally, multiplexer on-channel resistances differ slight- 
ly from one channel to the next causing Channel-to- 
Channel Matching errors, and random noise in general 
results in Repeatability errors. 


3.5 8X9X A/D Converter Differences 


The 8X9X A/D Converter does not have an internal 
Sample-and-Hold, and the conversion time is 168 state 
times (42 jus with 12 MHz clock). These differences pri- 
marily influence the interface circuitry and the rate at 
which sampling can be done. 


For the 8X9X, the idealized circuit in Figure 13 is still 
applicable. The only real difference is that the capacitor 
labeled Cs has a smaller value on 8X9X devices, but it is 
charged 10 times during a conversion. Since the actual 
Cs on. 8X9X parts is about 0.5 pF, an effective Cs of 
5.0 pF (10 X 0.5 pF) can be used as the internal capaci- 
tance that must be charged during a conversion. The 
value of Ry and I, are nominally 5 kX. and 3 A respec- 
tively. 


Given these values, external circuits with source imped- 
ances of 1 KQ. or less will be able to maintain an input 
voltage within a tolerance of about +0.6 LSB (1.0 KQ 
X 3.0 uA = 3.0 mV) given the D.C. leakage. Source 
impedances above 2 KM. will induce an external error of 
at least one LSB due to the voltage drop caused by the 
3 pA leakage. In addition, source impedances above 
25 KQ. may degrade converter accuracy as a result of 
inadequate internal capacitor charging. 


On 8X9X devices, the analog input is sampled 10 times 
while a conversion is in progress. Therefore, the input — 
must remain stable so that conversion accuracy is not 
affected. If the input signal could vary significantly 
while a conversion is in progress, an external capacitor 
attached directly to the analog input pin could be used as 
a Sample-and-Hold. Since the internal capacitance is 
around 5.0 pF, an external 0.01 1F capacitor (2048 X 
5.0 pF) should provide an accurate input voltage to + 0.5 
LSB. If there is leakage on the capacitor, the value of the 
capacitor must be increased to compensate for the leak- 
age. For example, assuming just the 3 uA D.C leakage 
caused by the 8X9X, 1 mV (less than 0.25 LSB) will be 
lost from a 0.15 sF capacitor in 42 js. Therefore, the 
capacitor connected externally to the pin should be at 
least 0.2 F. However, if the external signal changes 
slowly relative to the conversion time (168 state times), it 
is recommended that the largest acceptable capacitance 
be used given the input signal frequency. 
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Figure 14 shows a simple interface which could be appli- 
cable to 8X9X devices if the size of the capacitor attached 
to the analog input pin is increased to a value greater 
than 0.2 wF. The circuit in the figure also provides limit- 
ed protection against over-voltage conditions on the ana- 
log inputs. However, before any circuit is used in an ac- 
tual application, it should be thoroughly analyzed for 
applicability to the specific problem at hand. 


3.6 A/D Glossary of Terms 


Figures 15, 16 and 17 display many of these terms. 


ABSOLUTE ERROR—The maximum difference be- 
tween corresponding actual and ideal code transitions. 
Absolute Error accounts for all deviations of an actual 
converter from an ideal converter. 


ACTUAL CHARACTERISTIC—The characteristic of 
an actual converter. The characteristic of a given con- 
verter may vary over temperature, supply voltage, and 
frequency conditions. An Actual Characteristic rarely 
has ideal first and last transition locations or ideal code 
widths. It may even vary over multiple conversion un- 
der the same conditions. 


BREAK-BEFORE-MAKE—The property of a multi- 
plexer which guarantees that a previously selected 
channel will be deselected before a new channel is se- 
lected. (e.g. the converter will not short inputs 
together.) 


CHANNEL-TO-CHANNEL MATCHING—The dif- 
ference between corresponding code transitions of actu- 
al characteristics taken from different channels under 
the same temperature, voltage and frequency condi- 
tions. 


CHARACTERISTIC—A graph of input voltage ver- 
sus the resultant output code for an A/D converter. It 
describes the transfer function of the A/D converter. 


CODE—The digital value output. by the converter. 


CODE CENTER—The voltage corresponding to the 
midpoint between two adjacent code transitions. 


CODE TRANSITION—The point at which the con- 
verter changes from an output code of Q, to a code of 
Q+1. The input voltage corresponding to a code tran- 
sition is defined to be that voltage which is equally like- 
ly to produce either of two adjacent codes. 


CODE WIDTH—The voltage corresponding to the 
difference between two adjacent code transitions. 


CROSSTALK—See “Off-Isolation”’. 


D.C, INPUT LEAKAGE—Leakage current to ground 
from an analog input pin. 


DIFFERENTIAL NON-LINEARITY—tThe | differ- 
ence between the ideal and actual code widths of the 
terminal based characteristic of a converter. 


FEEDTHROUGH— Attenuation of a voltage applied 
on the selected channel of the A/D converter after the 
sample window closes. 


FULL SCALE ERROR—tThe difference between the 
expected and actual input voltage corresponding to the 
full scale code transition. 


IDEAL CHARACTERISTIC—A characteristic with 
its first code transition at VIN = 0.5 LSB, its last code 
transition at VIN = (VREF — 1.5 LSB) and all code 
widths equal to one LSB. 


INPUT RESISTANCE—The effective series resistance 
from the analog input pin to the sample capacitor. 


LSB—LEAST SIGNIFICANT BIT: The voltage value 
corresponding to the full scale voltage divided by 2", 
where n is the number of bits of resolution of the con- 
verter. For a 10-bit converter with a reference voltage 
of 5.12 volts, one LSB is 5.0 mV. Note that this is 
different than digital LSBs, since an uncertainty of two 
LSB, when referring to an A/D converter, equals 
10 mV. (This has been confused with an uncertainty of 
two digital bits, which would mean four counts, or 
20 mV.) 


MONOTONIC—The property of successive approxi- 
mation converters which guarantees that increasing in- 
put voltages produce adjacent codes of increasing value, 
and that decreasing input voltages produce adjacent 
codes of decreasing value. 


NO MISSED CODES—For each and every output 
code, there exists a unique input voltage range which 
produces that code only. 


NON-LINEARITY—The maximum deviation of code 
transitions of the terminal based characteristic from the 
corresponding code transitions of the ideal characteris- 
tics. 


19-16 


eh, et ee 
aye 
bs et ge he 


bye 


OFF-ISOLATION—Attenuation of a voltage applied 
on a deselected channel of the A/D converter. ee 
referred to as Crosstalk.) 


REPEATABILITY—tThe difference between corre- 
sponding code transitions from different actual charac- 
teristics taken from the same converter on the same 
channel at the same temperature, voltage and frequency 
conditions. 


RESOLUTION—The number of input voltage levels 
that the converter can unambiguously distinguish be- 
tween. Also defines the number of useful bits of infor- 
mation which the converter can return. 


SAMPLE DELAY—The delay from receiving the start 
conversion signal to when the sample window opens. 


SAMPLE DELAY UNCERTAINTY—tThe variation 
in the Sample Delay. 


SAMPLE TIME—The time that the sample window is 
open. 


SAMPLE TIME UNCERTAINTY—The variation in 
the sample time. 


SAMPLE WINDOW—Begins when the sample capac- 
itor is attached to a selected channel and ends when the 
sample capacitor is disconnected from the selected 
channel. 


SUCCESSIVE APPROXIMATION—An A/D con- 
version method which uses a binary search to arrive at 
the best digital representation of an analog input. 


TEMPERATURE COEFFICIENTS—Change in the 


stated variable per degree centigrade temperature 


change. Temperature coefficients are added to the typi- 
cal values of a specification to see the effect of tempera- 
ture drift. 
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TERMINAL BASED CHARACTERISTIC—An Ac- © 
tual Characteristic which as been rotated and translat- — 


ed to remove zero offset and full-scale error. 


VCC REJECTION—Attenuation of noise on the VCC 
line to the A/D converter. 


ZERO OFFSET—The difference between the expected 
and actual input voltage corresponding to the first code 
transition. 


4.0 ANALOG OUTPUTS 


Analog outputs can be generated by two methods, ei- 
ther by using the PWM output or the HSO. Either 
device will generate a rectangular pulse train that varies 
in duty cycle and (for the HSO only) period. If a 
smooth. analog signal is desired as an output, the rec- 
tangular waveform must be filtered. 


In most cases this filtering is best done after the signal 
is buffered to make it swing from 0 to 5 volts since both 
of the outputs are guaranteed only to TTL levels. A 
block diagram of the type of circuit needed is shown in 
Figure 18. By proper selection of components, account- 
ing for temperature and power supply drift, a highly 
accurate 8-bit D to A converter can be made using ei- 
ther the HSO or the PWM output. Figure 19 shows two 
typical circuits. If the HSO is used the accuracy could 
be theoretically extended to 16-bits, however the tem- 
perature and noise related problems would be extreme- 
ly hard to handle. 


When driving some circuits it may be desirable to use 
unfiltered Pulse Width Modulation. This is particularly 
true for motor drive circuits. The PWM output can be 
used to generate these waveforms if a fixed period on 
the order of 64 ps is acceptable. If this is not the case 
then the HSO unit can be used. The HSO can generate 
a variable waveform with a duty cycle variable in up to 
65536 steps and a period of up to 131 milliseconds. 
Both of these outputs produce TTL levels. 
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Figure 18. D/A Buffer Block Diagram 
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Figure 19. Buffer Circuits for D/A 


5.0 1/0 TIMINGS 


The I/O pins on the 8096BH are sampled and changed 
at specific times within an instruction cycle. The chang- 
es occur relative to the internal phases shown in Figure 
4. Note that the delay from XTALI to the internal 
clocks range from about 30 ns to 100 ns over process 
and temperature. Signals generated by internal phases 
are further delayed by 5 ns to 15 ns. The timings shown 
in this section are idealized; no propagation delay fac- 
tors have been taken into account. Designing a system 
that depends on an I/O pin to change within a window 
of less than 50 ns using the information in this section is 
not recommended. 


5.1 HSO Outputs 


Changes in the HSO lines are synchronized to Timer 1. 
All of the external HSO lines due to change at a certain 
value of a timer will change just pior to the increment- 
ing of Timer 1. This corresponds to an internal change 


during Phase B every eight state times. From an exter- 
nal perspective the HSO pin should change just prior to 
the rising edge of CLKOUT and be stable by its falling 
edge. Information from the HSO can be latched on the 
CLKOUT falling edge. Internal events can occur any- 
time during the 8 state time window. 


Timer 2 is synchronized to increment no faster than 
Timer 1, so there will always be at least one increment- 
ing of Timer 1 while Timer 2 is at a specific value. 


5.2 HSI Input Sampling 


The HSI pins are sampled internally once each state 
time. Any value on these pins must remain stable for at 
least 1 full state time to guarantee that it is recognized. 
The actual sample occurs at the end of Phase A, which, 
due to propagation delay, is just after the rising edge of 
CLKOUT. Therefore, if information is to be synchro- 
nized to the HSI it should be latched-in on CLKOUT 
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falling. The time restriction applies even if the divide by 
eight mode is being used. If two events occur. on the 
same pin within the same 8 state time window, only one 
of the events will be recorded. If the events occur on 
different pins they will always be recorded, regardless 
of the time difference. The 8 state time window, (i.e. the 
amount of time during which Timer 1 remains con- 
stant), is stable to within about 20 ns. The window 
starts roughly around the rising edge of CLKOUT, 
however this timing is very approximate due to the 
amount of internal circuitry involved. 


5.3 Standard I/O Port Pins 


Port 0 is different from the other digital ports in that it 
is actually part of the A/D converter. The port is sam- 
pled once every state time, however, sampling is not 
synchronized to Timer 1. If this port is used, the input 
signal on the pin must be stable one state time before 
the reading of the SFR. 


On 8X9X devices, Port 0 is sampled every eight state 
times (the same frequency at which the comparator is 
charged-up during an A/D conversion). This 8 state time 
counter is not synchronized with Timer 1. If this port is 


used, the input signal on the pin must be stable 8 state. 


times prior to reading the SFR. 


Port 1 and Port 2 have quasi-bidirectional I/O pins. 
When used as inputs the data on these pins must be 
stable one state time prior to reading the SFR. This 
timing is also valid for the input-only pins of Port 2 and 
is similar to the HSI in that the sample occurs just after 
the rising edge of CLKOUT. When used as outputs, the 
quasi-bidirectional pins will change state shortly after 
CLKOUT falls. If the change was from ‘0’ to a ‘1’ the 
low impedance pullup will remain on for one state time 
after the change. 


Ports 3 and 4 are addressed as off-chip memory- 
mapped I/O. The port pins will change state shortly 
after the rising edge of CLKOUT. When these pins are 
used as Ports 3 and 4 they are open drains, their struc- 
ture is different when they are used as part of the bus. 
See Section 10.4 of the MCS-96 Architecture chapter. 
Additional information on port reconstruction is avail- 
able in Section 7.8 of this chapter. 


6.0 SERIAL PORT TIMINGS 


The serial port on the 8096BH was designed to be com- 
patible with the 8051 serial port. Since the 8051 uses a 
divide by 2 clock and the 8096BH uses a divide by 3, 
the serial port on the 8096BH had to be provided with 
its own clock circuit to maximize its compatibility with 


the 8051 at high baud rates. This means that the serial 
port itself does not know about state times. There is 
circuitry which is synchronized to the serial port and to 
the rest of the 8096BH so that information can be 
passed back and forth. 


The baud rate generator is clocked by either XTAL1 or 
T2CLK. Because T2CLK needs to be synchronized to 
the XTALI signal its speed must be limited to 1/,, that 
of XTAL1. The serial port will not function during the 
time between the consecutive writes to the baud rate 
register. Section 11.4 of the MCS-96 Architecture chap- 
ter discusses programming the baud rate generator. 


6.1 Mode 0 


Mode 0 is the shift register mode. The TXD pin sends 
out a clock train, while the RXD pin transmits or re- 
ceives the data. Figure 20 shows the waveforms and 
timing. Note that the port starts functioning when a ‘1’ 
is written to the REN (Receiver Enable) bit in the serial 
port control register. If REN is already high, clearing 
the RI flag will start a reception. 


In this mode the serial port can be used to expand the 
I/O capability of the 8096BH by simply adding shift 
registers. A schematic of a typical circuit is shown in 
Figure 21. This circuit inverts the data coming in, so it 
must be reinverted in software. The enable and latch 
connections to the shift registers can be driven by de- 
coders, rather than directly from the low speed I/O 
ports, if the software and hardware are properly de- 
signed. 


6.2 Mode 1 Timings 


Mode | operation of the serial port makes use of 10-bit 
data packages, a start bit, 8 data bits and a stop bit. The 
transmit and receive functions are controlled by sepa- 
rate shift clocks. The transmit shift clock starts when 
the baud rate generator is initialized, the receive shift 
clock is reset when a ‘1 to 0’ transition (start bit) is 
received. The transmit clock may therefore not be in 
sync with the receive clock, although they will both be 
at the same frequency. 


The TI (Transmit Interrupt) and RI (Receive Inter- 
rupt) flags are set to indicate when operations are com- 
plete. TI is set when the last data bit of the message has 
been sent, not when the stop bit is sent. If an attempt to 
send another byte is made before the stop bit is sent the 
port will hold off transmission until the stop bit is com- 
plete. RI is set when 8 data bits are received, not when 
the stop bit is received. Note that when the serial port 
status register is read both TI and RI are cleared. 
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Figure 21. Mode 0 Serial Port Example 


Caution should be used when using the serial port to 
connect more than two devices in half-duplex, (i.e. one 
wire for transmit and receive). If the receiving proces- 
sor does not wait for one bit time after RI is set before 
starting to transmit, the stop bit on the link could be 
squashed. This could cause a problem for other devices 
listening on the link. 


6.3 Mode 2 and 3 Timings 


Modes 2 and 3 operate in a manner similar to that of 
Mode 1. The only difference is that the data is now 
made up of 9 bits, so 11-bit packages are transmitted 
and received. This means that TI and RI will be set on 
the 9th data bit rather than the 8th. The 9th bit can be 
used for parity or multiple processor communications 
(see Section 11 of the MCS-96 Architecture chapter). 


7.0 BUS TIMING AND MEMORY 
INTERFACE 


7.1 Bus Functionality 


The 8096BH has a multiplexed (address/data) bus 
which can be dynamically configured to have an 8-bit 
or 16-bit data width. There are control lines to demulti- 
plex the bus (ALE or ADV), indicate reads (RD), indi- 
cate writes (WRL and WRH, or WR with BHE and 
ADO), and a signal to indicate accesses that are for an 
instruction fetch (INST). Section 3.5 of the MCS-96 
Architecture chapter contains an overview of the bus 
operation. 


On 8X9X devices only the 16-bit multiplexed bus is 
available. In addition, on 8X9X devices the WRL and 
WRH signals are not available and the functionality of 
the BHE and INST lines differs from the 8X9XBH de- 
vices. See the data sheet of the device that you use. 
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7.2 Timing Specifications 


Figure 22 shows the timing of the bus signals and data 
lines. Please refer to the latest data sheet for the exact 
device you are using to ensure that your system is de- 
signed to the proper specifications. The major timing 
specifications are described in Figure 23. 
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7.3 READY Line Usage 


When the processor has to address a memory location 
that cannot respond within the standard specifications, 
it is necessary to use the READY line to generate wait 
states. When the READY line is held low, the proces- 
sor waits in a loop for the line to come high or until the 
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1. When ALE function is selected, the signal is always high for TLHLL. When ADV function is selected, the signal is high 


for at least TLHLL. 


2. The dotted line applies for all 8-bit bus writes and 16-bit bus writes with the write strobe mode selected. 


3. 8-bit bus only. 


Figure 22. Bus Signal Timings 
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number of inserted wait states is equal to the limit set in 
the Chip Configuration Register (see Section 2 of the 
MCS-96 Architecture chapter). There is a maximum 
time that the READY line can be held low without 
risking a processor malfunction due to dynamic nodes 
that have not been refreshed during the wait states. 
This time is shown as TYLYH in the data sheet. 


In most cases the READY line is brought low after the 
address is decoded and it is determined that a wait state 
is needed. It is very likely that some addresses, such as 
those addressing memory mapped peripherals, would 
need wait states, and others would not. The READY 
line must be stable within the TLLYV specification af- 
ter ALE falls or the processor could lock-up. There is 
no requirement as to when READY may go high, as 
long as the maximum READY low time (TYLYH) is 
not violated. To ensure that only one wait state is in- 
serted it is necessary to provide external circuitry which 
brings READY high TLLYH after the falling edge of 
ALE/ADYV, or program the Chip Configuration Regis- 
ter to select a Ready Control limit of one. 


Definitions of A.C. timing specifications differ slightly 
on 8X9X devices. See the data sheet for the part you 
are using for more information. 


Tosc—Oscillator Period, one cycle time on XTALI. 


Timings the Memory System Must 
Meet 


TLLYH—ALE/ADV low to READY high: Maxi- 
‘mum time after ALE/ADV falls until READY is 
brought high to ensure no more wait states. If this 
time is exceeded unexpected wait states may result. 
Nominally 1 Tosc + 3 Tosc X number of wait states 
desired. 


TLLYV—ALE/ADV low to READY low: Maxi- 
mum time after ALE/ADV falls until READY must 
be valid. If this time is exceeded the part could mal- 


periods. 


TCLYX—READY hold after CLOCKOUT low: 
Minimum time that the value on the READY pin 
must be valid after CLOCKOUT falls. The minimum 
hold time is always zero nanoseconds. 


TYLYH—READY low to READY high: Maximum 
time the part can be in the not-ready state. If it is 
exceeded, the 8096BH dynamic nodes which hold the 
current instruction may ‘forget’ how to finish the in- 
struction. 


TAVDV—ADDRESS valid to DATA valid: Maxi- 
mum time that the memory has to output valid data 


function necessitating a chip reset. Nominally 2 Tosc 
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Internally, the chip latches READY on the first falling 
edge of Phase A after ALE/ADV falls. Phase A is buff- 
ered and brought out externally as CLOCKOUT, so 
CLOCKOUT is a delayed Phase A. If a 1 is seen, the 
bus cycle proceeds uninterrupted with no wait state in- 
sertions. If a 0 is seen, one wait state (3 Tosc) is insert- 
ed. 


If a wait state is inserted, READY is internally latched 


- on the next rising edge of Phase A. If a 1 is found the 


bus cycle resumes with the net impact being the inser- 
tion of one wait state. If a 0 is seen, a second wait state 
is inserted. 


The READY pin is again latched on the next rising 
edge of CLOCKOUT if two wait states were inserted. 
If the chip sees a 1, the bus cycle is resumed with the 
result being an insertion of two wait states. If another 0 
is seen, a third wait state is inserted in the bus cycle and 


after the 8096BH outputs a valid address. Nominally, 
a maximum of 5 Tosc periods. 


TAVGV—ADDRESS valid to BUSWIDTH valid: 
Maximum time after ADDRESS becomes valid until 
BUSWIDTH must be valid. Nominally al than 2 
Tosc periods. 


TLLGV—ALE/ADV low to BUSWIDTH valid: 
Maximum time after ALE/ADV is low until BU- 
SWIDTH must be valid. If this time is exceeded the 
part could malfunction necessitating a chip reset. 
Nominally less than 1 Tosc. 


TLLGX—BUSWIDTH hold after ALE/ADV low: 
Minimum time that BUSWIDTH must be valid after 
ALE/ADV is low Nominally 1 Tosc. 


TRLDV—READ low to DATA valid: Maximum 
time that the memory has to output data after READ 
goes low. Nominally, a maximum of 3 Tosc periods. 


TRHDZ—READ high to DATA float: Time after 
READ is high until the memory must float the bus. 
The memory signal can be removed as soon as READ 
is not low, and must be removed within the specified 
maximum time from when READ is high. Nominally 
a maximum of 1 Tosc period. 


TRHDX—DATA hold after READ goes high: Mini- 
mum time that memory must hold input DATA valid 
after RD is high. The hold time minimum is always 
zero nanoseconds. 


Figure 23. Timing Specification Explanations 
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Timings the 8096 Will Provide 


TOHCH—XTALI high to CLOCKOUT high: Delay 
from the rising edge of XTAL]I to the resultant rising 
edge on CLOCKOUT. Needed in systems where the 
signal driving XTALI is also used as a clock for ex- 
ternal devices. Typically 50 to 100 nanoseconds. 


TCHCH—CLKOUT high to CLKOUT high: The 
period of CLKOUT and the duration of one state 
time. Always 3 Tosc average, but individual periods 
could vary by a few nanoseconds. 


TCHCL—CLKOUT high to CLKOUT low: Nomi- 
nally 1 Tosc period. 


TCLLH—CLKOUT low to ALE high: A help in de- 
riving other timings. Typically plus or minus 5 ns to 
10 ns. 


TCLVL—CLOCKOUT low to ALE/ADV low: A 
help in deriving other timings. Nominally 1 Tosc. 


TLLCH—ALE/ADV low to CLKOUT high: Used 
to derive other timings, nominally 1 Tosc period. 


TLHLL—ALE/ADV high to ALE/ADV low: 
ALE/ADV high time. Useful in determining ALE/ 
ADV rising edge to ADDRESS valid time. Nominal- 
ly 1 Tose period for ALE and 1 Tosc for ADV with 
back-to-back bus cycles. | 


TAVLL—ADDRESS valid to ALE/ADV low: 
Length of time ADDRESS is valid before ALE/ADV 
falls. Important timing for address latch circuitry. 
Nominally 1 Tosc period. 


TLLAX—ALE/ADV low to ADDRESS invalid: 
Length of time ADDRESS is valid after ALE/ADV 
falls. Important timing for address latch circuitry. 
Nominally 1 Tosc period. 


TLLRL—ALE/ADYV low to READ or WRITE low: 
Length of time after ALE/ADV falls before RD or 
WR fall. Could be needed to ensure that proper mem- 
ory decoding takes place before it is output enabled. 
Nominally 1 Tosc period. 


TLLHL—ALE/ADYV low to WRL, WRH low: Min- 
imum time after ALE/ADV is low that the write 
strobe signals will go low. Could be needed to ensure 


ae eae * i 


MCS®-96 HARDWARE DESIG 


Ero Tee 


N INFORMATION © 


that proper memory decoding takes place before it is 
output enabled. Nominally 2 Tosc periods. 


TRLRH—READ low to READ high: RD pulse 
width, nominally 1 Tosc period. 


TRHLH—READ high to ALE/ADV high: Time be- 


tween RD going inactive and next ALE/ADYV, also | 


used to calculate time between RD inactive and next 
ADDRESS valid. Nominally 1 Tosc period. 


TRHBX—READ high to INST, BHE, AD8-15 In- 
active: Minimum time that the INST and BHE lines 
will be valid after RD goes high. Also the minimum 
time that the upper eight address lines (8-bit bus 
mode) will remain valid after RD goes high. Nomi- 
nally 1 Tosc. 


TWHBX—WRITE high to INST, BHE, AD8-15 
Inactive: Minimum time that the INST and BHE 
lines will be valid after WR goes high. Also the mini- 
mum time that the upper eight address lines (8-bit bus 
mode) will remain valid after WR goes high. Nomi- 
nally 1 Tosc. 


TWLWH—WRITE low to WRITE high: Write 
pulse width, nominally 3 Tosc periods. 


THLHH—WRL, WRH low to WRL, WRH high: 
Write strobe signal pulse width. Nominally 2 Tosc 
periods. 


TQVHL—OUTPUT valid to WRL, WRH low: Min- 
imum time that OUTPUT data is valid prior to write 
strobes becoming active. Needed for interfacing to 
memories that read data on the falling edge of write. 
Nominally 1 Tosc. 


TQVWH—OUTPUT valid to WRITE high: Time 
that the OUTPUT data is valid before WR is high. 
Nominally 3 Tosc periods. 


TWHQX—WRITE high to OUTPUT not valid: 
Time that the OUTPUT data is valid after WR is 
high. Nominally 1 Tosc period. 


TWHLH—WRITE high to ALE/ADV high: Time 
between write high and next ALE/ADYV, also used to 
calculate the time between WR high and next AD- 
DRESS valid. Nominally 2 Tosc periods. 


Figure 23. Timing Specification Explanations (Continued) 
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On 8X9X devices there is no internal Ready Control, 
therefore, external circuitry must completely control the 
insertion of wait states into 8X9X bus cycles. 


the READY pin is again latched on the following rising 
edge of CLOCKOUT. If internal Ready Control is not 
used, the READY line must at this point be a 1 to 
ensure proper operation. 
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7.4 INST Line Usage 


The INST (Instruction) line is high during bus cycles 
that are for an instruction fetch and low for any other 
bus cycle. The INST signal (not present on 48-pin ver- 
sions) can be used with a logic analyzer to debug a 
system. In this way it is possible to determine if a fetch 
was for instructions or data, making the task of tracing 
the program much easier. 


On 8X9X devices the INST line is high during the output 
of an address that is for an instruction fetch. It is low 
during the same time for any other memory access. At 
any other time it is not valid. 


7.5 BUSWIDTH Pin Usage 


The BUSWIDTH pin is a control input which deter- 
mines the width of the bus access in progress. 
BUSWIDTH is sampled after the rising edge of the first 
CLOCKOUT after ALE/ADV goes low. If a one is 
seen, the bus access progresses as a 16-bit cycle. If a 
zero is seen, the bus access progresses as an 8-bit cycle. 
The BUSWIDTH setup and hold timing requirements 
appear in the data sheet. 


The BUSWIDTH pin can be overridden by causing the 
BUS WIDTH SELECT bit in the Chip Configuration 
Register (CCR) to be zero. This will permanently select 
an 8-bit bus width. However, if the BUS WIDTH SE- 
LECT bit in the CCR is a one, the BUSWIDTH pin 
determines the bus width. See Section 3.5 of the 
MCS-96 Architecture chapter. Since the BUSWIDTH 
pin is not available on 48-pin parts, the BUS WIDTH 
SELECT bit in the CCR determines bus width. 


On 8X9X devices, the 8-bit bus is not available, the CCR 
does not exist and the BUSWIDTH pin is named the 
TEST pin. The TEST pin is used for testing purposes 
and should be tied to VCC in application circuits. 


74LS74 


rae S 
tiny a" e 4 
J oth se 
Sn 
y _ 
Fi 


: = 
' 2 ‘ be, a “Ss 
S®-96 HARDWARE D 
= A aif 
Tae se eee . 


¥ 


bs 
? 
“— 


ae a 4 * 
a i. ge = 
J Pony = Bias Saks ae is Cre x, ia Week 
ie G Y . Rs < 
ESIGN INFORMAT 
- m i ma d ie 
4 aus aS seu a ¥\ * 
= y ¥ 5 es Ss es ¥ 
% b> 


7.6 Address Decoding 


The multiplexed bus of the 8096BH must be demulti- 
plexed before it can be used. This can be done with two 
74LS373 transparent latches for an 8096BH in 16-bit 
bus mode, or one 74LS373 for an 8096BH in 8-bit bus 
mode. As explained in Section 3.5 of the MCS-96 Ar- 
chitecture chapter, the latched address signals will be 
referred to as MAO through MA15 (Memory Address), 
and the data lines will be called MDO through MD15 
(Memory Data). 


Since the 8096BH can make accesses to memory for 
either bytes or words, it is necessary to have a way of 


determining the type of access desired when the bus is 


16-bits wide. For write cycles, the signals Write Low 
(WRL) and Write High (WRH) are provided. WRL 
will go low during all word writes and during all byte 
writes to an even location. Similarly, WRH will go low 
during all word writes and during all byte writes to an 
odd location. During read cycles, an 8096BH in 16-bit 
bus mode will always do a word read of an even loca- 
tion. If only one byte of the word is needed, the chip 
discards the byte it does not need. . 


Since 8096BH memory accesses over an 8-bit wide bus 
are always bytes, only one write strobe is needed for 
write cycles. For this purpose the WRL signal was 
made to go low for all write cycles during 8-bit bus 
accesses. When a word operation is requested, the bus 
controller performs two byte-wide bus cycles. 


In many cases it may be desirable to have a write signal 
with a longer pulse width than WRL/WRH. The Write 
(WR) line of the 8096BH is an alternate control signal 
that shares a pin with WRL and is only available in 
16-bit bus mode. WR is nominally one Tosc longer 
than the WRL/WRH signals, but goes low for any 
write cycle. Therefore it is necessary to decode for the 
type of write (byte or word) desired. 


The Byte High Enable (BHE) signal and MAO can be 
used for this purpose. BHE is an alternate control sig- 


WRITE HIGH 


WRITE LOW 


270246-27 


Figure 24. Decoding WR and BHE to Generate WriteLow and WriteHigh 
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nal that shares a pin with WRH. When BHE is low, the 
high byte of the 16-bit bus is enabled. When MAO is 
low, the lower byte is enabled. When MAO is low and 
BHE is low, both bytes are enabled. Figure 24 shows 
how to use WR, BHE and MAO to decode bus accesses. 
It’s important to note that this decoding inserts a delay 
in the write signal which must be considered in a sys- 
tem timing analysis. 


On 8X9X devices, only the RD, WR and BHE signals 
are available for bus control. This means that discrimi- 
nating between byte and word bus accesses must be done 
by decoding WR, BHE and MAO as described above. 


RD 
AD8-15 


8X9XBH 
ADO=7 


ADV 


AD8=-15 


8X9XBH 
ADO-7 


Figure 25. An 8-Bit Bus with EPROM Only 


LOW ADDRESS 


Further, the WR signal on 8X9X devices is nominally 
the same width as the WRL and WRH signals. 
8X9XBH devices (2 Tosc), and the BHE signal must be 
latched since it is valid only while the address is valid. 
See Figure 24 and the data sheet of the device that you 
use. 


External memory systems for the 8096BH can be set up 
in many ways. Figures 25 through 28 show block dia- 
grams of memory systems using an 8-bit bus with a 
single EPROM, using an 8-bit bus with RAM and 
EPROM, using a 16-bit bus with two external 
EPROMs and using a 16-bit bus in a RAM and ROM 
system. 


OE 
HIGH ADDRESS 
DATA 


EPROM 


LOW ADDRESS 


OPTIONAL IF 


LATCHED EPROM 
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Figure 26. An 8-Bit Bus with EPROM and RAM 
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Figure 27. A 16-Bit Bus with EPROM Only 
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Figure 28. Memory System with Dynamic Bus Width 


7.7 System Verification Example 


To verify that a system such as the one in Figure 29 will 
work with the 8096BH, it is necessary to check all of 
the timing parameters. Let us examine this system one 
parameter at a time using representative 8096BH speci- 
fications. These specifications will be different for each 
part number and temperature range, so the results of 
this example must be modified based on the most recent 
data sheet for the specific part to be used. 


The timings of signals that the processor and memory 
use are affected by the latch and buffer circuitry. The 
timings of the signal provided by the processor are de- 
layed by various amounts of time. Similarly, the signals 
coming back from the memory are also delayed. The 
calculations involved in verifying this system follow: 


Address Valid Delay—30 nanoseconds 


The address lines are delayed by passing them through 
the 74LS373s, this delay is specified at 18 ns after Ad- 
dress is valid or 30 ns after ALE is high. Since the 
signal may be limited by either the ALE timing or the 
Address timing, these two cases must be considered. 


If Limited by ALE 


Tone: =~ 25 
(TLHLL) 


Minimum ALE pulse width = 


Minimum Addr set-up to ALE falling = Tosc — 25 
(TAVLL) 
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*Required only in larger systems. 


Figure 29. RAM/ROM Memory System 


Therefore, in the worst case, ALE would occur 0 ns 
before Address valid. , 


Total delay from 8096BH Address stable to MA (Mem- 
ory Address) stable would be: 


ALE delay from address — 0 
74LS373 clock to output 30 
30 nanoseconds 


If Limited by Address Valid 


74LS373 Data Valid to Data Output = 18 nanosec- 
onds 


In the worst case, the delay in Address valid is con- 
troled by ALE and has a value of 30 nanoseconds. 


Delay of Data Transfer to/from Processor—12 nano- 
seconds 


The RD low to Data valid specification (TRLDV) is 
3 Tose — 50, (200 ns at 12 MHz). The 74LS245 is 
enabled by RD and has a delay of 40 ns from enable. 
The enable delay is clearly not a problem. 


The 74LS245 is enabled for write, except during a read, 
so there is no enable delay to consider for write opera- 
tions. 


The Data In to Data Out delay of the 74LS245 is 12 ns. 


CHARACTERISTICS OF A 12 MHz 8096BH 
SYSTEM WITH LATCHES 


Required by system: 
Address valid to Data in; 


345.6 ns max. (5 Tosc — 70) 


TAVDV 
Address Delay : — 30.0 ns maximum 
Data Delay : ~_12.0 ns maximum 


303.6 ns maximum 


Read low to Data in: 


TRLDV 200.0 ns max. (3 Tose — 50) 
Address Delay : — 00.0 ns maximum 
Data Delay : ~_12.0 ns maximum 


188.0 ns maximum 
Provided by system: 
Address valid to Control; 


63.3 ns min. (Tosc — 20) 


TLLRL 

TAVLL ; 158.3 ns min. (Tose — 25) 
Address Delay :— 30.0 ns maximum 

WR Delay : — 00.0 ns minimum 


91.6 ns minimum 
Write Pulse Width; 


THLHH : 146.6 ns min. (2 Tosc — 20) 


146.6 ns minimum 
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Data Setup to WR rising; 


TQVWH 
Data Delay 


200.0 ns min. (3 Tosc — 50) 
: — 12.0 ns maximum 
188.0 ns minimum 


Data Hold after WR; 


TWHQX 
Data Delay 


58.3 ns min. (Tosc — 25) 
: _0.0 ns minimum (no spec) 
58.3 ns minimum 


The two memory devices which are expected to be used 
most often with the 8096BH are the 2764 EPROM and 
the 2128 RAM. The system verification for the 2764 is 
simple. 


2764 Tac 


(Address valid to Output) < Address valid to Data in 
250 ns < 303 ns O.K. 


2764 Toe 


(Output Enable to Output) < Read low to Data in 
100 ns < 188 ns O.K. 


These calculations assume no address decoder delays 
and no delays on the RD (OE) line. If there are delays 
in these signals the delays must be added to the 2764’s 
timing. 


The read calculations for the 2128 are similar to those 
for the 2764. 


2128-20 Tac < Address valid to Data in 
200 ns < 303 ns O.K. 


2128-20 Toe < Read low to Data in 
65ns < 188 ns O.K. 


The write calculation are a little more involved, but still 
straight-forward. 


2128 Twp (Write Pulse) < Write Pulse Width 
100 ns < 146 ns O.K. 


2128 Tds (Data Setup) < Data Setup to WR rising 
65ns < 188 ns O.K. 


2128 Tdh (Data Hold) < Data Hold after WR 
Ons < 58ns 


All of the above calculations have been done assuming 
that no components are in the circuit except for those 
shown in Figure 29. If additional components are add- 
ed, as may be needed for address decoding or memory 
bank switching, the calculations must be updated to 
reflect the actual circuit. 


7.8 1/O Port Reconstruction 


When a single-chip system is being designed using a 
multiple chip system as a prototype, it may be neces- 
sary to reconstruct I/O Ports 3 and 4 using a memory- 
mapped I/O technique. The circuit shown in Figure 30 
provides this function. It can be attached to a 8096BH 
system which has the required address decoding and 
bus demultiplexing. 


The output circuitry is basically just a latch that oper- 
ates when 1FFEH or 1FFFH are placed on the MA 
lines. The inverters surrounding the latch create an 
open-collector output to emulate the open-drain output 
found on the 8096BH. The ‘reset’ line is used to set the 
ports to all 1’s when the 8096BH is reset. It should be 
noted that the voltage and current characteristics of the 
port will differ from those of the 8096BH, but the basic 
functionality will be the same. 


The input circuitry is just a bus transceiver that is ad- 
dressed at 1FFEH or 1FFFH. If the ports are going to 
be used for either input or output, but not both, some of 
the circuitry can be eliminated. 


8.0 NOISE PROTECTION TIPS 


Designing controllers differs from designing other com- 
puter equipment in the area of noise protection. A mi- 
crocontroller circuit under the hood of a car, in a pho- 
tocopier, CRT terminal, or a high speed printer is sub- 
ject to many types of electrical noise. Noise can get to 
the processor directly through the power supply, or it 
can be induced onto the board by electromagnetic 
fields. It is also possible for the PC board to find itself. 
in the path of electrostatic discharges. Glitches and 
noise on the PC board can cause the processor to act 
unpredictably, usually by changing either the memory 
locations or the program counter. 


There are both hardware and software solutions to 
noise problems, but the best solution is good design 
practice and a few ounces of prevention. The 8096BH 
has a Watchdog Timer which will reset the part if it 
fails to execute the software properly. The software 
should be set up to take advantage of this feature. 


It is also recommended that unused areas of code be 
filled with NOPs and periodic jumps to an error routine 
or RST (reset chip) instructions. This is particularly 
important in the code around lookup tables, since if 
lookup tables are executed all sorts of bad things can 
happen. Wherever space allows, each table should be 
surrounded by 7 NOPs (the longest 8096BH instruction 
has 7 bytes) and a RST or jump to error routine in- 
struction. This will help to ensure a speedy recovery 
should the processor have a glitch in the program flow. 
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Figure 30. I/O Port Reconstruction 


Many hardware solutions exist for keeping PC board 
noise to a minimum. Ground planes, gridded ground 
and VCC structures, bypass capacitors, transient ab- 
sorbers and power busses with built-in capacitors can 
all be of great help. It is much easier to design a board 
with these features than to try to retrofit them later. 
Proper PC board layout is probably the single most 
important and, unfortunately, least understood aspect 
of project design. Minimizing loop areas and induc- 
tance, as well as providing clean grounds are very im- 
portant. More information on protecting against noise 
can be found in the Application Note AP-125, “Design- 
ing Microcontroller Systems for Noisy Environments”. 


9.0 PACKAGING 


The MCS-96 family of products is offered in many ver- 
sions. They are available in 48-pin or 68-pin packages, 


| ROMiess | WithROM | With EPROM 
Without AtoD| so96 | | eg96 | 
with Ato | 8097 | 095 | e397 | 8395 | 8797 | 8795 | 


with or without on-chip ROM/EPROM and with or 
without an A/D converter. A summary of the available 
options is shown in Figure 31. 


The 48-pin versions are available in ceramic and plastic 
48-pin Dual-In-Line package (DIP). The ceramic ver- 
sions have part numbers with the prefix “‘C’’. The plas- 
tic versions have the prefix “‘P’’. 


The 68-pin versions are available in a ceramic pin grid 
array (PGA), a plastic leaded chip carrier (PLCC) and 
a Type B leadless chip carrier (LCC). PGA devices 
have part numbers with the prefix ‘“‘C’’. PLCC devices 
have the prefix ““N”. LCC devices have the prefix “R”’. 


Specifications for the various members of the MCS-96 
family are contained in the next chapter. 


Figure 31. The MCS®-96 Family of Products 
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10.0 EPROM PROGRAMMING 
(8X9XBH ONLY) 


The 879XBH contains 8K bytes of ultraviolet Erasable 
and Electrically Programmable Read Only Memory 
(EPROM) for internal storage. This memory can be 
programmed in a variety of ways—including at run- 
time under software control. 


The EPROM is mapped into memory locations 2000H 
through 3FFFH if EA is a TTL high. However, apply- 
ing +12.75V to EA when the chip is reset will place 
the 879XBH in EPROM Programming Mode. The 
Programming Mode has been implemented to support 
EPROM programming and verification. 


When an 879XBH is in Programming Mode, special 
hardware functions are available to the user. These 
functions include algorithms for slave, gang and auto 
EPROM programming. 


10.1 Programming the 879XBH 


Three flexible EPROM programming modes are avail- 
able on the 879XBH—auto, slave and run-time. These 
modes can be used to program 879XBHs in a gang, 
stand alone or run-time environment. 


The Auto Programming Mode enables an 879XBH to 
program itself, and up to 15 other 879XBHs, with the 
8K bytes of code beginning at address 4000H on its 
external bus. The Slave Mode provides a standard in- 
terface that enables any number of 879XBHs to be pro- 
grammed by a master device such as an EPROM pro- 
grammer. The Run-Time Mode allows individual 
EPROM locations to be programmed at run-time un- 
der complete software control. 


In the Programming Mode, some I/O pins have been 
renamed. These new pin functions are used to deter- 
mine the programming function that is performed, pro- 
vide programming ALEs, provide slave ID numbers 
and pass error information. Figure 33 shows how the 


MCS®-96 HARDWARE DESIGN INFORMATION — 


pins are renamed. Figure 34 describes each new pin 
function. 


While in Programming Mode, PMODE selects the pro- 
gramming function that is performed (see Figure 32). 
When not in the Programming Mode, Run-Time pro- 
gramming can be done at any time. 


| PMODE | Programming Mode 
Pah te Slave Programming 


Auto Programming Mode 
Program Configuration Byte 
OEH-OFH 


Figure 32. Programming Function PMODE Values 


To guarantee proper execution, the pins of PMODE 
and SID must be in their desired state before the 
RESET pin is allowed to rise and reset the part. Once 
the part is reset, it is in the selected mode and should 
not be switched to another mode without a new reset 
sequence. 


When EA selects the Programming Mode, the chip re- 
set sequence loads the CCR from the Programming 
Chip Configuration Byte (PCCB). This is a separate 
EPROM location that is not mapped under normal op- 
eration. PCCB is only important when programming in 
the Auto Programming Mode. In this mode, the 
879XBH that is being programmed gets the data to be 
programmed from external memory over the system 
bus. Therefore, PCCR must correctly correspond to the 
memory system in the programming setup, which is not 
necessarily the memory organization of the application. 


The following sections describe 879XBH programming 
in each programming mode. 


19-30 


4 se: 


* 
Rarsy = 
—< : 
Stig ae 
“ 


Ts iv ‘ee we ~. . a. a7 4a aw d - ’ 
eS Pe ea aS aes ae Te Nee Se Ee Oy jaar ITE 
. "ea eae Ge Sit a de ae i a a a Otis enti tiaee "oy eae ae = 
at SNES cy glare PR a a Bb Wd oe po) SE ie 
a, ~~ “nF, vant ote) we! -$ — 

. p piel tere 

aw ~s “¢ = 
o Sins os 


- 


a . = 4 » 
ak ; i? : Z ‘ Say 


Intel MCS®-96 HARDWARE DESIGN INFORMATION 


PROGRAMMING VOLTAGE 


P 
sil 7 COMMAND DATA PATH ) 
PORT 3 ADDRESS / COMMAND DATA PATH 


satay 
PALE 
PROG 
PVER / SALE 


SELECTS 
PROGRAMMING 
ODE 


PDO / SPROG 


879XBH 
270246-34 


Figure 33. Programming Mode Pin Function 


PROGRAMMING MODE SELECT: Determines the EPROM programming algorithm 
that is performed. PMODE is sampled after a chip reset and should be static while 
the part is operating. 


SLAVE ID NUMBER: Used to assign each slave pin of Port 3 or 4 to use for passing 
programming verification acknowledgement. For example, if gang programming in — 
the Slave Programming Mode, the slave with SID = 0001 will use Port 3.1 to signal 
correct or incorrect program verification. 


PROGRAMMING ALE INPUT: Accepted by an 879XBH that is in the Slave 
Programming Mode. Used to indicate that Ports 3 and 4 contain a command/ 
address. 


PROGRAMMING PULSE: Accepted by 879XBH that is in the Slave Programming 
Mode. Used to indicate that Ports 3 and 4 contain the data to be programmed. A 

falling edge on PROG signifies data valid and starts the programming cycle. A rising 
edge on PROG will halt programming in the slaves. 


PROGRAMMING ACTIVE: Used in the Auto-Programming Mode to indicate when 
programming activity is complete. 


PROGRAM VERIFIED: A signal outut after a programming operation by parts in the 
Slave Programming Mode. 


PROGRAMMING DURATION OVERFLOWED: A signal output by parts in the Slave 
Programming Mode. Used to signify that the PROG pulse applied for a programming 
operation was longer than allowed. 


SLAVE ALE: Output signal from an 879XBH in the Auto Programming Mode. A 
falling edge. on SALE indicates that Ports 3 and 4 contain valid address/command 
information for slave 879XBHs that may be attached to the master. 


SLAVE PROGRAMMING PULSE: Output from an 879XBH in the Auto Programming 
Mode. A falling edge on SPROG indictates that Ports 3 and 4 contain valid data for 


programming into slave 879XBHs that may be attached to the master. 
PORTS 3 and 4 


PALE 
PROG 
PACT 
PVER 
SALE 
SPROG 


ADDRESS/COMMAND/DATA BUS: Used to pass commands, addresses and data 
to and from slave mode 879XBHs. Used by chips in the Auto Programming Mode to 
pass command, addresses and data to slaves. Also used in the Auto Programming 
Mode as a regular system bus to access external memory. Each line should be 
pulled up to VCC through a. resistor. 


Figure 34. Programming Mode Pin Definitions 
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The Auto Programming Mode provides the ability to 
program the internal 879XBH EPROM without having 
to use a special EPROM programmer. In this mode, 
the 879XBH simply programs itself with the data found 
at external locations 4000H through 5FFFH. All that is 
required is that some sort of external memory reside at 
these locations, that EA selects the programming mode 
and that VPP is applied. Figure 35 shows a minimum 
configuration for using an 8K x 8 EPROM to program 
one 879XBH in the Auto Programming Mode. 


The 879XBH first reads a word from external memory, 
then the Modified Quick-Pulse Programming™ Algo- 
rithm (described later) is used to program the appropri- 
ate EPROM location. Since the erased state of a byte is 
OFFH, the Auto Programming Mode will skip loca- 
tions where the data to be programmed is OFFH. When 
all 8K has been programmed, PACT goes high and the 
part outputs a 0 on Port 3.0 if it programmed correctly 
and a 1 if it failed. 


10.2.1 GANG PROGRAMMING WITH THE AUTO 
PROGRAMMING MODE 


An 879XBH in the Auto Programming Mode can also 
be used as a programmer for up to 15 other 879XBHs 
that are configured in the Slave Programming Mode. 


#12.75 Vde 


PO.7 
PO.6 ae 


To accomplish this, the 879XBH acting as the master 
outputs the slave command/data pairs on Ports 3 and 4 
necessary to program slave parts with the same data it 
is programming itself with. Slave ALE (SALE) and 
Slave PROG (SPROG) signals are provided by the 
master to the’slaves to demultiplex the commands from 
the data. Figure 36 is a block diagram of a gang pro- 
gramming system using one 879XBH in the Auto Pro- 
gramming Mode. The Slave Programming Mode is de- 
scribed in the next section. 


The master 879XBH first reads a word from the exter- 
nal memory controlled by ALE, RD and WR. It then 
drives Ports 3 and 4 with a Data Program command 
using the appropriate address and alerts the slaves with 
a falling edge on SALE. Next, the data to be pro- 
grammed is driven onto Ports 3 and 4 and slave pro- 
gramming begins with a falling edge on SPROG. At the 


same time, the master begins to program its own 


EPROM location with the data read in. Intel’s Modi- 
fied Quick-Pulse Programming™ Algorithm is used, 
with Data Verify commands being given to the slaves 
after each programming pulse. 


When programming is complete PACT goes high and 
Ports 3 and 4 are driven with all 1s if all parts pro- 
grammed correctly. Individual bits of Port 3 and 4 will 
be driven to 0 if the slave with that bit number as an 
SID did not program correctly. The 879XBH used as 
the master assigns itself an SID of 0. 


PO.5 oe PMODE = OCH 


P0.4 
Sta es ee 
PACT 


»/ 
pins a5 A15 gee 
8797BH CS CE 
AD8 = AD15 ge Sa ee 
G 
ADO = AD7 74LS 
373 
ADO 
EN 
4 


BUSWIDTH 


\/ 


NOTE: 
Ports 3 and 4 should have pullups to VCC. 


vy 
> 
‘ 


a 
V 
- 5V 
(id) ; 
wy) 
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Figure 35. The Auto Programming Mode 
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#12.75 Vde 


EA VPP 
BUSWIDTH 


0.1-1.0 uF 


373 
SALE SPROG 


PORTS Ld Vs ae 
3,4 < & 


SLAVE 
879XBH 879XBH 879XBH 


HSI HSI HSI 
5210 vo. 


WL vcc i 


SID =2 SID=3 


SID =OFh 
270246-36 


NOTE: 
EA and VPP on slaves must be at +12.75 Vdc. Each slave’ s PMODE must equal 05H. Ports 3 and 4 should have 


pullups to VCC. Minimum configuration connections must also be made for slaves. A 10 MHz clock is recommended for 
the slaves. 


Figure 36. Gang Programming with the Auto Programming Mode 
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10.3 Slave Programming Mode 


Any number of 879XBHs can be programmed by a 
master programmer through the Slave Programming 
Mode. 


The programming device uses Ports 3 and 4 of the parts 
being programmed as a command/data path. The 
slaves accept signals on PALE (Program ALE) and 
PROG (Program Enable) to demultiplex the com- 
mands and data. The slaves also use PVER, PDO and 
Ports 3 and 4 to pass error information to the program- 
mer. Support for gang programming of up to 16 
879XBHs is provided. If each part is given a unique 
SID (Slave ID Number) an 879XBH in the Auto Pro- 
gramming Mode can be used as a master to program 
itself and up to 15 other slave 879XBHs. There is, how- 
ever, no 879XBH dependent limit to the number of 
parts that can be gang programmed in the slave mode. 


It is important to note that the interface to an 879XBH 
in the slave mode is similar to a multiplexed bus. At- 
tempting to issue consecutive PALE pulses without a 
corresponding PROG pulse will produce unexpected 
results. Similarly, issuing consecutive PROG pulses 
without the corresponding PALE pulses immediately 
preceding is equally unpredictable. 


10.3.1 SLAVE PROGRAMMING COMMANDS | 


The commands sent to the slaves are 16-bits wide and 
contain two fields. Bits 14 and 15 specify the action 
that the slaves are to perform. Bits 0 through 13 specify 
the address upon which the action is to take place. 
Commands are sent via Ports 3 and 4 and are available 
to cause the slaves to program a word, verify a word, or 
dump a word (Table 1). The address part of the com- 
mand sent to the slaves ranges from 2000H to 3FFFH 
and refers to the internal EPROM memory space. The 
following sections describe each slave programming 
mode command. 
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Table 1. Slave Programming 
Mode Commands 


Word Dump 


Data Verify 
Data Program 
Reserved 


DATA PROGRAM COMMAND—After a Data Pro- 
gram Command has been sent to the slaves, PROG 
must be pulled low to cause the data on Ports 3 and 4 
to be programmed into the location specified during the 
command. The falling edge of PROG is not only used 
to indicate data valid, but also triggers the hardware 
programming of the word specified: The slaves will be- 
gin programming 48 states after PROG falls, and will 
continue to program the location until PROG rises. 


After the rising edge of PROG, the slaves automatically 
perform a verification of the address just programmed. 
The result of this verification is then output on PVER 
(Program Verify) and PDO (Program Duration Over- 
flowed). Therefore, verification information is available 
following the Data Program Command for program- 
ming systems that cannot use the Data Verify com- 
mand. 


If PVER and PDO of all slaves are 1s after PROG rises 
then the data program was successful everywhere. If 
PVER is a 0 in any slave, then the data programmed 
did not verify correctly in that part. If PDO is a 0 in 
any slave, then the programming pulse in those parts 
was terminated by an internal safety feature rather than 
the rising edge of PROG. The safety feature prevents 
over-programming in the slave mode. Figure 37 shows 
the relationship of PALE, PROG, PVER and PDO to 
the Command/Data Path on Ports 3 and 4 for the Data 
Program Command. 
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PALE \ / 
PROG \ eeeoae d 
PVER VALID / \ VALID 


PDO VALID / \ VALID 


Figure 37. Data Program Signals in Slave Programming Mode 


PALE \ / ; 
PORTS 3,4 DATA VERIFY COMMAND VERIFICATION BITS 
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Figure 38. Data Verify Command Signals 
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DATA VERIFY COMMAND—When the Data Verify 
Command is sent, the slaves respond by driving one bit 
of Port 3 and 4 to indicate correct or incorrect verifica- 
tion of the previous Data Program. A 1 indicates cor- 
rect verification, while a 0 indicates incorrect verifica- 
tion. The SID (Slave ID Number) of each slave deter- 
mines which bit of the command/data path is driven. 
PROG from the programmer governs when the slaves 
drive the bus. Figure 38 shows the relationship of Ports 
3 and 4 to PALE and PROG. 


This command is always preceded by a Data Program 
Command in a programming system with as many as 
16 slaves. However, a Data Verify Command does not 
have to follow every Data Program Command. 


WORD DUMP COMMAND—When the Word 
Dump Command is issued, the 879XBH being pro- 
grammed adds 2000H to the address field of the com- 
mand and places the value found at the new address on 
Ports 3 and 4. For example, sending the command 
#0100H to a slave will result in the slave placing the 
word found at location 2100H on Ports 3 and 4. PROG 
from the programmer governs when the slave drives the 
bus. The signals are the same as shown in Figure 22. 


Note that this command will work only when just one 
slave is attached to the bus, and that there is no restric- 
tion on commands that precede or follow a Word 
Dump Command. 


10.3.2 GANG PROGRAMMING WITH THE 
SLAVE PROGRAMMING MODE 


Gang programming of 879XBHs can be done using the 
Slave Programming Mode. There is no 879XBH based 
limit on the number of chips that may be hooked to the 
same Port 3/Port 4 data path for gang programming. 


If more than 16 chips are being gang programmed, the 
PVER and PDO outputs of each chip could be used for 
verification. The master programmer could issue a data 
program command then either watch every chip’s error 
signals, or AND all the signals together to get a system 
PVER and PDO. 


If 16 or fewer 879XBHs are to be gang programmed at 
once, a more flexible form of verification is available. 
By giving each chip being programmed a unique SID, 
the master programmer could then issue a data verify 
command after the data program command. When a 
verify command is seen by the slaves, each will drive 
one pin of Port 3 or 4 with a 1 if the programming 
verified correctly or a 0 if programming failed. The SID 
is used by each slave to determine which Port 3, 4 bit it 
is assigned. An 879XBH in the Auto Programming 
Mode could be the master programmer if 15 or fewer 
slaves need to be programmed (see Gang Programming 
with the Auto Programming Mode). 
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10.4 Auto Configuration Byte 
Programming Mode 


The CCB (location 2018H) can be treated just like any 
other EPROM location, and programmed using any 
programming mode. But to provide for simple pro- 
gramming of the CCB when no other locations need to 
be programmed, the Auto Configuration Byte Pro- 
gramming Mode is provided. Programming in this 
mode also programs PCCB. Figure 39 shows a block 
diagram for using the Auto Configuration Byte Pro- 
gramming Mode. 


With PMODE = ODH and OFFH on Port 4, CCB and 
PCCB will be programmed to the value on Port 3 when 
a logic 0 is placed on PALE. After programming is 
complete, PVER will be driven to a 1 if the bytes pro- 
grammed correctly, and a 0 if the programming failed. 


#12.75 Vde 


NOTES: 
1. Tie Port 3 to the value desired to be programmed into CCB, and PCCB. 
2. Make all necessary minimum connections for power, ground and clock. 


This method of programming is the only way to pro- 
gram PCCB. PCCB is a non-memory mapped EPROM 
location that gets loaded into CCR during the reset 
sequence when the voltage on EA puts the 879XBH in 
Programming Mode. If PCCB is not programmed us- 
ing the Auto Configuration Byte Programming Mode, 


- every time the 879XBH is put into Programming Mode 


the CCR will be loaded with OFFH (the value of the 
erased PCCB location). 


However, if programming the CCB and PCCB is done 
using this Programming Mode, the PCCB will take on 
the value programmed into CCB. This means that until 
the part is erased, programming activities that use the 
system bus will employ the bus width and controls se- 
lected by the user’s CCB. 


PUSH TO 


f PROGRAM 
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Figure 39. The Auto CCR Programming Mode 
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10.5 Run-Time Programming 


Run-Time Programming of the 879XBH is provided to 
allow the user complete flexibility in the ways in which 
the internal EPROM is programmed. That flexibility 
includes the ability to program just one byte or one 
word instead of the whole EPROM, and extends to the 
hardware necessary to program. The only additional 
requirement of a system is that a programming voltage 
is applied to VPP. Run-Time Programming is done 
with EA at TTL-high (normal operation—internal/ex- 
ternal access). | 


To Run-Time program, the user writes a byte or word 
to the location to be programmed. Once this is done, 
the 879XBH will continue to program that location un- 
til another data read from or data write to the EPROM 
occurs. The user can therefore control the duration of 
the programming pulse to within a few mircoseconds. 
An intelligent algorithm should be implemented in soft- 
ware. It is recommended that the Modified Quick-Pulse 
Programming Algorithm be implemented. 


After the programming of a location has started, care 
must be taken to ensure that no program fetches (or 


PROGRAM: 
POP temp 


POP address_temp 
POP data_temp 
PUSH temp 


PUSHF 
LDB int_mask , #enable_swt_only 


LDB HSO_COMMAND , #SWTO_ovf 


ADD HSO_TIME,TIMER1, #program_pulse 


EI 
ST data-temp, [address_temp] 
CALL 201AH 


POPF 
RET 


SWT_ISR: 


swtO_expired: 
POP O 
RET 


pre-fetches ) occur from internal memory. This is of no 
concern if the program is executing from external mem- 
ory. However, if the program is executing from internal 
memory when the write occurs, it will be necessary to 
use the built in “Jump to Self’ located at 201AH. 


“Jump to Self’ is a two byte instruction in the Intel test 
ROM which can be CALLed after the user has started 
programming a location by writing to it. A software 
timer interrupt could then be used to escape from the 
“Jump to Self’ when the proper programming pulse 
duration has elapsed. Figure 40 is an example of how to 


program an EPROM location while execution is entire- 


ly internal. 


Upon entering the PROGRAM routine, the address 
and data are retrieved from the STACK and a Software 
Timer is set to expire one programming pulse later. The 
data is then written to the EPROM location and a 
CALL to location 201AH is made. Location 201AH is 
in Intel reserved test ROM, and contains the two byte 
opcode for a “Jump to Self’. The minimum interrupt 
service routine would remove the 201AH return ad- 
dress from the STACK and return. 


stake parameters from the 
STACK 


;Save current status | 
senable only swt interrups 


;load swt command to interrupt 
swhen program pulse time 
shas elapsed 
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10.6 ROM/EPROM Program Lock 


Protection mechanisms have been provided on the 
ROM and EPROM versions of the 8096BH to inhibit 
unauthorized accesses of internal program memory. 
However, there must always be a way to allow autho- 
rized program memory dumps for testing purposes. 
The following describes 839XBH, 879XBH program 
lock features and the mode provided for authorized 
memory dumps. 


10.6.1 LOCK FEATURES 


Write protection is provided for EPROM parts, while 
READ protection is provided for both ROM and 
EPROM parts. 


Write protection is enabled by causing the LOCO bit in 
the CCR to take the value 0. When WRITE protection 
is selected, the bus controller will cycle through the 
write sequence, but will not actually drive data to the 
EPROM and will not enable VPP to the EPROM. This 
protects the entire EPROM 2000H-3FFFH from inad- 
vertant or unauthorized programming, and also pre- 
vents writes to the EPROM from upsetting program 
execution. If write protection is not enabled, a data 
write to an internal EPROM location will begin pro- 
gramming that location, and continue programming 
the location until a data read of the internal EPROM is 
executed.. While programming, instruction fetches from 
internal EPROM will not be successful. 


READ protection is selected by causing the LOC1 bit 
in the CCR to take the value 0. When READ protec- 
tion is enabled, the bus controller will only perform a 
data read from the address range 2020H-3FFFH if the 
slave program counter is in the range 2000H-3FFFH. 
Note that since the slave PC can be many bytes ahead 
of the CPU program counter, an instruction that is lo- 
cated after address 3FFAH may not be allowed to ac- 
cess protected memory, even though the instruction is 
itself protected. 


If the bus controller receives a request to perform a 
READ of protected memory, the READ sequence oc- 
curs with indeterminant data being returned to the 
CPU. 


Other enhancements were also made to the 8096BH for 
program protection. For example, the value of EA is 
latched on reset so that the device cannot be switched 
from external to internal execution mode at run-time. 
In addition, if READ protection is selected, an NMI 
event will cause the device to switch to external only 
execution mode. Internal execution can only resume by 
resetting the chip. 


10.6.2 AUTHORIZED ACCESS OF PROTECTED 
MEMORY 


To provide a method of dumping the internal 
ROM/EPROM for testing purposes a “Security Key” 
mechanism and ROM dump mode have been imple- 
mented. 


The security key is a 128 bit number, located in internal 
memory, that must be matched before a ROM dump 
will occur. The application code contains the security 
key starting at location 2020H. 


The ROM dump mode is entered just like any pro- 
gramming mode (EA = 12.75V), except that a special 
PMODE strapping is used. The PMODE for ROM 
dump is 6H (0110B). 


The ROM dump sequence begins with a security key 
verification. Users must place at external locations 
4020H-—402FH the same 16 byte key that resides inside 
the chip at locations 2020H-202FH. Before doing a 
ROM dump, the chip checks that the keys match. 


After a successful key verification, the chip dumps data 
to external locations 1000H-11FFH and 4000H- 
SFFFH. Unspecified data appears at the low addresses. 


Internal EPROM/ROM is dumped to 4000H-S5SFFFH, 
beginning with internal address 2000H. 


If a security key verification is not successful, the chip 
will put itself into an endless loop of internal execution. 


NOTE: 
Substantial effort has been expended to provide an ex- 
cellent program protection scheme. However, Intel can- 
not, and does not guarantee that the protection methods 
that we have devised will prevent unauthorized access. 
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10.7 Modified Quick-Pulse 
Programming™ Algorithm 


The Modified Quick-Pulse Programming Algorithm 
calls for each EPROM location to receive 25 separate 
100 us (+5 ps) program cycles. Verification of correct 
programming is done after the 25 pulses. If the location 
verifies correctly, the next location is programmed. If 
the location fails to verify, the location has failed. 


Once all locations are programmed and verified, the 
entire EPROM is again verified. 


Programming of 879XBH parts is done with VPP = 
12.75V +0.25V and VCC = 5.0V +0.5V. 


10.8 Signature Word 


The 8X9XBH contains a signature word at location 
2070H. The word can be accessed in the slave mode by 
executing a word dump command. 


Table 2. 8X9XBH Signature Words 


| Device | _Signature Word 


879XBH 896FH 
896EH 
Undefined 


839XBH 
809XBH 


10.9 Erasing the 879XBH EPROM 


Initially, and after each erasure, all bits of the 879XBH 
are in the “1” state. Data is introduced by selectively 


programming “Os” into the desired bit locations. Al- 
though only “0s” will be programmed, both “1s” and 
“Qs” can be present in the data word. The only way to 
change a “0” to a “1” is by ultraviolet light erasure. 


The erasure characteristics of the 879XBH are such 
that erasure begins to occur upon exposure to light with 
wavelengths shorter than approximately 4000 Ang- 
stroms (A). It should be noted that sunlight and certain 


types of fluorescent lamps have wavelengths in the 


3000-4000 A range. Constant exposure to room level 
fluorescent lighting could erase the typical 879XBH in 
approximately 3 years, while it would take approxi- 
mately 1 week to cause erasure when exposed to direct 
sunlight. If the 879XBH is to be exposed to light for 
extended periods of time, opaque labels must be placed 
over the EPROM’s window to prevent unintentional 
erasure. 


The recommended erasure procedure for the 879XBH 
is exposure to shortwave ultraviolet light which has a 
wavelength of 2537A. The integrated dose (i.e., UV in- 
tensity < exposure time) for erasure should be a mini- 
mum of 15 Wsec/cm2. The erasure time with this dos- 
age is approximately 15 to 20 minutes using an ultravi- 
olet lamp with a 12000 wW/cm2 power rating. The 
879XBH should be placed within 1 inch of the lamp 
tubes during erasure. The maximum integrated dose an 
879XBH can be exposed to without damage is 
7258 Wsec/cm2 (1 week @ 12000 »W/cmZ2). Exposure 
of the 879XBH to high intensity UV light for long peri- 
ods may cause permanent damage. 


19-39 


re 
Soy 


thm? 
5 


sph de 
ae 


5 4 
rs BAe 
(fare i VP! © 


x oy “einai Per tees o> thst 
19 wha, CTS LES BPA 


é ay a -te ‘ Pu, hd ie al Sates 7 , 
: . er 
’ * rf var, ? et tal Ris yy Fl ay +. 0 , + ‘ ~ “y 
4 eit | Pia e leah “and dk Mh nat het nw meyhe , s aot det, et ay wes = £5 8 Meas ee. 
ms { cn Pid Meath PaaS ‘ * efi ater fe ay. ts Sen Paes a Weae Rul 
if - > + ; : i ; ‘ = iy , ~ 
(seet date a Sugiteh Uy ee ee oot hf tare . 7 : Niigae, 
Rest ie CU ROS A Rs She aeedb t,o! sh rhitna Heal 3 : - 7 cr i De 
- - > ; ’ 
ig *. . , & * i y 
Lette: aol Ber ahs ie ; : > A : 
4: ? , a ’ . 
. 7 ess rvs féy,'>7 ‘. — , at ” " 
pee ge geek ; a ee se ioe " Py aye 
? ~~ 2 
fe Pen brr + -Fi S : bt ae 
ke 
. +3 
Ht We 
. P 7 
7 oN ey ty ey Patt, ox 
Yalta sethity FS Selle 
> = 7 ? 9 ~ ad Yo s es ye — » t (ay : 
' f bol cecttnetatrie sae oo Tee 
pet EN SSS PE) Shee nae ON 
, 7, 7 
*. Cee >»! om eri eZ 
Gl, SUIS 
om iat Jon sa8 ile * 
=6 © wh nea u. aT ee 5 _ 
es ae ek «+ “My ‘ sit , 
* ¥ ¥ . 
A Lat 2 4 J 
a ' «a . tao & -_ oS mene ee hae Geeta of Fm tp — > > 
> ; : , 
te ; 
“ryt . 
. + 7 ~~ ee 
es © ~ geo . 
§ _ nit 
' ‘ 
, ey j 
" 
‘ 
‘ a 
: . 2 
' . 
: ’ { 
7 Chie : ‘ 
ee =r Pet gee Bee eee ee teem ees 7s . sa tied ee , 
. . . ‘ 
. ° . 
- 4 ‘ ¢ 
we 8 ry ee ft Pe wg” Ce 1 PATE TR AB Le ores r , ; 
; St dsepeh Ue phat S82 09 or. SETA Peta MOE) mts ah “3 . - Pe Ae 
- f : ater 44 PPOs ott oe 5 ot 4S 
‘1 - , Pte. of eae ed aes & fa 38 7 
ry d aad “7 P a 1 2 ~~, \ 
* * = » _ é 
’ % +" By~ * - 7, r oe oe 7 : 
S : * | ds 7? ft . ~~ cone Ow ud’ et A eee ‘ i eat a . 
a + a] é = = | ok! P fel rod a Ay ‘cn iat: 5, tie iv »* sere ra 2 
» ~~ f ‘ ® 
d . ": i? ‘ 
* - ¢ . ipa wk oo fh ek Eel tebe oe 2 A ot Fok) es wie 
* 7 ow " 1, © t vk, , papa : a 4 id beat Hoh 
- : | M ’ 
a 4 “ 
. A “al 
’ : e y ; \ 
- bd ¢ i 
‘ : x 
. # ' ' 
> ' ' * . J . 
. é , > _ 
» + ‘ « , . 
, : woes ' 
1 o ’ 
‘ 
: i 
i : 7 
= - ; a 7 . 
- . : *7 = , 7 
i - x * 
: ' ¥ P ro i 
. s t 
. .* a ‘ 
5 « 
‘ ? . 
' Z 7 pd 
. * ‘ 
7 " ; . 
er, 
r : 
- 7 ~ 
le F ‘ 
- . ~ 
‘ Z ; ; 
we * 
: . _7 ‘ 
‘ 
° a « . 
* > Ge : a 
7 i) J ef - * > 
P : : : 
» “2 a * ‘ : P 
: . : 
- ” * ‘ > 
.. “ * . 2 
bad , ‘ . 
7 ° 
' . A 
ie 2 7 
‘ i te “ J 
. ‘ , 
ly ; 
4 ~ 4 . 
U - 7 
Md - ¢ 
be’ ‘ 
; A ; ' 
. . 
. t j wg 
5 vad ri - ad 
" r 
‘ : Si SF» ‘ 
7 _ > Ae 
J = a *, 
‘ e 
» +s . » 


SOC196KA Architectural P. O 


Overview 


Stipe cele 


ie Wate tet weet 
a 


ty 


See 


FA ee oe meee eee 


eaeaye 4g Oe tee 


ee es re ee re 


Oo Sremewnte nia mere 


— CD" meh — 


Hal eps, sekeo oe 
« 


o4 
-<e 
. 


~: 


ohm ee Sears 1s Aer erm o 
. 
' 
‘ 
- 
c 


¥- 
+ ioe 


be 


— = 
‘i 3a 
ee ° 
: — 
e 
7 «**. 
* 
_ ——* * 
7. 
~ 
, « 
- 
* 
> 
* 


= 


« 


sal a 
_ 
ond . 
= * 
a = 
- > 
>» a 
i . ~ & 
¥ > v- py 
ay ae : : 
P ° 
. 
‘ * 
1 ‘ 
“5 
. 
J 
i 
- 
i 
~ 
- * 
. 
i ’ 
. 
r * 
L 
| 
« 


80C196KA 
ADVANCED CHMOS MICROCONTROLLER 
ARCHITECTURAL OVERVIEW 


1.0 INTRODUCTION 
All of the features available on the 8096BH are present 
on the 80C196KA including: 
Register to Register Architecture 
232 Bytes of Register File 
22 Interrupt Sources With 8 Vector Locations 
High Speed 16x16 Multiply 
High Speed 32/16 Divide 
Five 8-bit I/O Ports 
Analog to Digital Converter (A/D Versions Only) 
Pulse-Width-Modulated Output 


Full Duplex Serial Port With Dedicated Baud Rate 
Generator 


16-bit Watchdog Timer 


High Speed Subsystem With 
Up to 4 Time Capture Inputs 
Up to 6 Time Triggered Outputs 
2 16-bit Timer/Counters 
_ 4 Software Timers 


In addition, the 80C196KA has: 
Independent Capture of Timer2 
Up and Down Counting on Timer2 
2.33 ws 16x16 Multiply vs 6.25 ws on 8096BH 


VREF ANGND 


A/D 232 
CONVERTER BYTE 
‘dase REGISTER 


FILE MICROCODE 
s ENGINE 


ALTERNATE 
FUNCTIONS 


4.0 us 32/16 Divide vs 6.25 us on 8096BH 
6 Additional Interrupt Sources / 10 Additional Vectors 
6 Additional Instructions 


Power Down and Idle Modes for Power Savings 


and many other feature enhancements. The 80C196KA 
can be plugged into most 8096BH designs with only a 
few minor software changes. 


This document can be used as a stand-alone guide to 
the features of the 80C196KA and as a programmer’s 
guide and user’s manual by experienced 8096 program- 
mers. For those people who are not familiar with the 
details of programming an 8096, this manual should be 
used in conjunction with the current edition of the Em- 
bedded Controller Handbook. 


2.0 ARCHITECTURAL OVERVIEW 


For the purpose of describing its operation, the 
80C196KA can be divided into three sections: the pro- 
cessing unit, peripheral (I/O). devices, and support cir- 
cuitry. The processing unit consists of the 16-bit CPU 
with its register file, the interrupt controller and the 
memory controller. Peripheral devices, a clock genera- 
tor, and some miscellaneous support circuitry make up 
the remainder of the chip. A block diagram of the 
80C196KA is shown in Figure 1. 


FREQUENCY 
REFERENCE 


8 KBYTE 

ON=CHIP 

MEMORY 
(OPTIONAL) 


INTERRUPT 
CONTROLLER ad 


16 MEMORY 


CONTROL 
SIGNALS 


CONTROLLER 
QUEUE | 
4 


1 : PORT 3 


HSI HSO 
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Figure 1. 80C196KA Block Diagram 
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2.1 INTERNAL TIMINGS 


Internal operation of the chip is based on the oscillator 
frequency divided by two, giving the basic operating 
time unit, known as a “State Time”. With a 12 MHz 
oscillator, a state time is 167 nanoseconds. With an 
8 MHz oscillator, a state time is 250 nanoseconds, the 
same as that of an 8096 running with a 12 MHz oscilla- 
tor. Since the 80C196KA will be run at many frequen- 
cies, the times given throughout this overview will be in 
state times or “‘states’’, unless otherwise specified. 


Either a crystal or an external source can be used to 
drive the on-chip oscillator. Figure 2 shows a circuit for 
the oscillator connected to a crystal. When an external 
source is used, it is connected to the XTALI pin leav- 


ing the XTAL2 pin floating. The XTAL2 pin becomes 


a weak output in this mode and must be left unconnect- 
ed. 


Two non-overlapping internal phases are created by the 
clock generator: phase 1 and phase 2. Phase 2 is buff- 
ered and output on the CLKOUT pin. This is not the 
same as on the 8096, since it uses a three-phase clock. 
Changing from a three-phase clock to a two-phase one 
speeds up the operation of the chip for a set oscillator 
frequency. It should cause no compatibility problems in 
most designs, but’ does cause some differences in the 
system bus timings. A detailed description of the bus 
timing is included in the electrical characteristics sec- 
tion of this document. 


INTERNAL 
CIRCUITRY 


+2 PHASE 
GENERATOR 


80C196KA 
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Figure 2. Oscillator 


2.2 CPU 


The CPU on the 80C196KA is 16 bits wide and is con- 
nected to the interrupt controller and the memory con- 
troller by a 16-bit bus. In addition, there is an 8-bit bus 
which is used to transfer opcodes from the memory 
controller to the CPU. On the 8096 there is no 16-bit 
bus between the CPU and memory controller, so the 8- 
bit bus is used for both data and opcode transfers. All 
of the peripheral devices on the 80C196KA are con- 
nected to the CPU by a 16-bit bus. 
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A microcode engine controls the CPU, allowing it to 
perform operations with any byte, word or double word 
in the 232-byte Register File. Operations can also be 
performed with any of the I/O Control Registers, also 
called Special Function Registers (SFRs). With a flat 
architecture, the programmer is not limited to a single 
accumulator since all 256 bytes in the register file and 
SFR space can be used as accumulators. This elimi- 
nates accumulator bottleneck and allows the use of 3 
operand instructions. The internal hardware of the 
CPU is similar to that of the 8096, except that extra 
hardware has been added to provide a faster multiply. 


2.3 MEMORY MAP 


64 Kbytes of addressable memory space are available 
on the 80C196KA, most of which can be used for pro- 
gram or data storage. The space from 100H through 
OFFFFH contains a small block of reserved or special 
function locations but is otherwise available to the user. 
The reserved locations must contain OFFH. Resetting 
the chip sets the program counter to location 2080H, 
allowing 8 Kbytes of RAM contiguous with the inter- 
nal RAM at location OFFH. The interrupt vectors, con- 
figuration byte, and several reserved addresses are lo- 
cated between 2000H and 207FH. Figure 3 shows a 
memory map of the 80C196KA memory space. 


OFFFFH 


EXTERNAL MEMORY OR I/O 
INTERNAL ROM/EPROM OR 
EXTERNAL MEMORY* 
RESERVED 
UPPER 8 INTERRUPT VECTORS 
(NEW ON 80C196KA) 
ROM/EPROM SECURITY KEY* 


RESERVED 
CHIP CONFIGURATION BYTE 


4000H 


PLUS 2 SPECIAL INTERRUPTS 


INTERNAL DATA MEMORY - REGISTER FILE 
(STACK POINTER, RAMAND SFRS)  _ 
EXTERNAL PROGRAM CODE MEMORY 


*ROM/EPROM will be available on future versions of 80C196. 


Figure 3. 80C196KA Memory Map 


Between OH and OFFH program execution fetches will 
always be from external memory, even if the chip has 
an onboard ROM or EPROM. This area of external 
memory is reserved for use by Intel development sys- 
tems and should not be used in applications which will 
require development tools. Data fetches will always 
come from the on-chip register file and SFRs. The in- 
ternal RAM from location 01AH (26 decimal) to 
OFFH is the register file. This memory region, as well 
as the status of the majority of the chip, is kept alive 
while the chip is in the powerdown mode. (On the 8096 
only the top 16 bytes of RAM were kept alive.) Details 
on powerdown mode are discussed in a later section. 


Locations 18H and 19H are considered part of the reg- 
ister file although they are used as the stack pointer. 
The stack can be located anywhere in memory, internal 
or external, by using the 16-bit pointer. If the stack is 
not being used, these two bytes can be used as regular 
RAM. 


Locations 00H through 17H are the I/O control regis- 
ters or SFRs. As shown in Figure 4, two SFR windows 
are provided on the 80C196KA. Selecting the active 
window is done by using the Window Select Register 
(WSR) at location 14H in all of the windows. 


Only two values may be written to the WSR, 0 and 15. 
Other values are reserved for use in future parts and 
will cause unpredictable operation. 


INT MASK1/PEND1 


TIMER2 
INT MASK/PEND 


READ/WRITE 
WSR = 0 


a 
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Figure 4. Multiple Register Windows 
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Window 0, the register window selected with WSR =0, 
is a superset of the one used on the 8096. As depicted in 
Figure 5, it has 24 registers, some of which have differ- 
ent functions when read than when written. Registers 
which are new to the 80C196KA or have changed func- 
tions from the 8096 are indicated in the figure. Figure 6 
contains brief descriptions of the registers. Detailed de- 
scriptions are contained in the section which discusses 
the peripheral device controlled by the register. 


In register Window 15 (WSR=15), the operation of 
the SFRs is changed, so that those which were read- 
only in the 8096 SFR space are write-only and vice 
versa. The only exception to this is that TIMER2 is 
read/write in Window 0, and T2 Capture is read/write 
in Window 15. (TIMER2 was read-only on the 8096.) 
Registers which can be read and written in Window 0 
can also be read and written in Window 15. Details of 
using Window 15 are discussed in the peripheral de- 
scription section. 


Caution must be taken when using the SFRs as sources 
of operations or as base or index registers for indirect or 
indexed operations. It is possible to not get the desired 
results, since external events can change SFRs and 
some SFRs clear when read. The potential for an SFR 
to change value must be taken into account when oper- 
ating on these registers. This is particularly important 
when high level languages are used as they do not al- 
ways make allowances for SFR-type registers. 


Listed registers 
are present in 
both windows 


INT MASK1/PEND1 
T2 CAPTURE 


INT MASK/PEND 


WRITE/READ 
WSR = 15 


STACK POINTER 
| PWM__CONTROL 
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| TIMER2(H) | 
|___AD_RESULT(HI) 


[zeROREG HH) ZERO REG (Hi 
ZERO REG(LO) | ZERO REG(LO) 


WHEN READ WHEN WRITTEN 


ODH *T2 CAPTURE (HI) 
OCH *T2 CAPTURE (LO) 


WSR = 15 


*NEW OR CHANGED 
REGISTER FUNCTION 


Figure 5. Special Function Registers 
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Register Description 


Zero Register - Always reads as a zero, useful for a base when indexing and as a 
constant for calculations and compares. 


AD__RESULT A/D Result Hi/Low - Low and high order results of the A/D converter 
AD__COMMAND A/D Command Register - Controls the A/D 


HSI__TIME HSI Time Hi/Lo - Contains the time at which the High Speed Input unit was triggered. 


HSO__TIME HSO Time Hi/Lo - Sets the time or count for the High Speed Output to execute the 
command in the Command Register 


HSO_.COMMAND | HSO Command Register - Determines what will happen at the time loaded into the 
: HSO Time registers ! 


HSI_STATUS HSI Status Registers - Indicates which HSI pins were detected at the time in the HSI 
Time registers and the current state of the pins 
SBUF(TX) Transmit buffer for the serial port, holds contents to be outputted 


SBUF(RX) Receive buffer for the serial port, holds the byte just received by the serial port 
INT_.MASK Interrupt Mask Register - Enables or disables the individual interrupts. (also IMASK) 


INT_.PENDING Interrupt Pending Register - Indicates that an interrupt signal has occurred on one of 
the sources and has not been serviced. (also IPEND) 

WATCHDOG Watchdog Timer Register - Written to periodically to hold off automatic reset every 
64K state times 


TIMER1 Timer 1 Hi/Lo - Timer1 high and low bytes 
TIMER2 Timer 2 Hi/Lo - Timer2 high and low bytes 


HSI_.MODE HSI Mode Register - Sets the mode of the High Speed Input unit. 


lIOPORTO Port 0 Register - Levels on pins of Port 0 
BAUD__RATE Register which determines the baud rate, this register is loaded sequentially. 


lIOPORT1 Port 1 Register - Used to read or write to Port 1. 

lIOPORT2 Port 2 Register - Used to read or write to Port 2. , 

SP__STAT Serial Port Status - Indicates the status of the serial port. | 

lOC1 1/O Control Register 1 - Controls alternate functions of Port 2 pins, timer interrupts 
and HSI interrupts. 


PWM__CONTROL | Pulse Width Modulation Control Register - Sets the duration of the PWM pulse 
IPEND1 Interrupt Pending register for the 8 new interrupt vectors (also INT_.PENDING1) 
IMASK1 Interrupt Mask register for the 8 new interrupt vectors (also INT_.MASK1) 


SP__CON Serial Port Control - Used to set the mode of the serial port 
1/O Status Register 0 - Contains information on the HSO status 
lOS1 |/O Status Register 1 - Contains information on the status of the timers and of the 
: HSI. 


lOCO 1/O Control Register 0 - Controls alternate functions of HSI pins, Timer 2 reset 
sources and Timer 2 clock sources 


|/O Status Register 2 - Contains information on HSO events 


Window Select Register - Selects register window 


m8) 


= 


S) 
Figure 6. Special Function Register Description 
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lOC2 |/O Control Register 2 - Controls new 80C196KA features : 
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2.4 MEMORY CONTROLLER 


All of the program memory and the external data mem- 
ory are transferred to the CPU through the memory 
controller. Within the memory controller is a slave pro- 
gram counter, an instruction queue, and a bus control- 
ler. 


The slave program counter keeps track of the program 
counter in the CPU and requests the correct sequence 
of instructions to be fetched by the bus controller and 
stored in the queue. 


Instruction Queue 


A four byte instruction queue allows the CPU to run 
faster by keeping the next instruction byte almost al- 
ways available. When the instruction flow changes, as 
with a branch or call instruction, the queue is flushed 
and refilled. The amount of time required to do this is 
included in the instruction execution times which are 
listed in other sections of this document. 


When debugging code using a logic analyzer, one must 
be aware of the queue. It is not possible to determine 
when an instruction will begin executing by simply 
watching when. it is read since the queue is filled in 
advance of instruction execution. In addition, the algo- 
rithms which are used to keep the queue full may cause 
instructions to be read into the 80C196KA multiple 
times. 


BUS CONTROL 


80C196KA 


16=BiT 
MULTIPLEXED 
ADDRESS/DATA 
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(a) 16-Bit Bus 


Bus Controller 


Both 8-bit and 16-bit bus modes are supported by the 
bus controller. A block diagram of the two modes is 
shown in Figure 7. Each mode has several variations, 
all of which are controlled by the Chip Configuration 
Register (CCR), shown in Figure 8. This register is at 
an unmapped location within the 80C196KA and is 
loaded from location 2018H during the chip reset se- 
quence. 


Switching between 8 and 16-bit bus modes can be done 
using the buswidth pin if the CCR is set for a 16-bit 
bus. Dynamically switching between the two modes is 
possible by changing this pin on the fly. A system using 
16-bit wide program memory for speed, but only need- 
ing one 8-bit RAM chip, could make use of this feature 
to avoid the use of another RAM or the software need- 
ed to convert word wide data into data stored in every 
other byte. 


When CCR bits 2 and 3 are both set to 1 the standard 
8096BH bus control signals are provided, as shown in 
Figure 9. WR will come out for each write. BHE will 
be valid throughout the bus cycle and can be combined 
with the WR and address line 0 to form WRL (Write 
Low byte) and WRH (Write High byte). ALE will rise 
as the address starts to come out and will fall to provide 
a signal to externally latch the address. 


The Write Strobe mode eliminates the need to external- 
ly decode WRL and WRH (See Figure 10). In 16-bit 
bus modes, WRL and WRH are provided on the WR 


BUS CONTROL 


80C196KA 


8=BIT 
LATCHED 
ADDRESS HIGH 


8=BIT 
MULTIPLEXED 
ADDRESS LOW/DATA 
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(b) 8-Bit Bus 


Figure 7. Bus Width Options 
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ENABLE POWERDOWN FEATURE 


BUS WIDTH SELECT 
(16=BIT BUS /8=BiT BUS) 


WRITE STROBE MODE SELECT 
(WR AND BHE /WRL AND WRH) 


ADDRESS VALID STROBE SELECT 
(ALE / ADV) 

(IRCO) | iNTERNAL READY 

inci) {CONTROL MODE 


(LOCO) |pRoGRAM LOCK 
(LOC1) MODE 
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Figure 8. Format of the Chip Configuration Register 


ADO -7 ADDR LOW DATA OUT 
ADDR DATA OUT AD8=-15 _ ADDRESS HIGH 
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16-Bit Bus Cycle 8-Bit Bus Cycle 


Figure 9. Standard Bus Control 


ADO -7 ADDR LOW DATA OUT 


ADDR DATA OUT ~ AD8 -15 ADDRESS HIGH 


270418-9 


16-Bit Bus Cycle 8-Bit Bus Cycle 


Figure 10. Write Strobe Mode 
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ADDR DATA OUT 


270418-10 
16-Bit Bus Cycle 
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ADDR LOW] DATA OUT 
AD8 =-15 ADDRESS OUT HIGH 


270418-11 
8-Bit Bus Cycle 


Figure 11. Address Valid Mode 


ADV | | 
WRITE LOW [vaio | 


WRITE HIGH [vo | 


ADDR DATA. OUT 


270418-12 
16-Bit Bus Cycle 


WRITE | | 
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ADO -7 


8-Bit Bus Cycle 


Figure 12. Address Valid With Write Strobe Mode 


and BHE lines, respectively. Both lines go low for word 
writes, while only one line will go low for a byte write. 
The WR line is provided for 8-bit bus modes and will 
go low for all writes. Clearing CCR bit 2 selects this 
mode. 


An Address Valid (ADV) strobe can be provided in 
place of ALE if CCR bit 3 is cleared (See Figure 11). In 
this mode, ADV will go low after an external address is 
set up and stay low until the end of the bus cycle, at 
which time it will go high. This signal can be used to 
provide a chip select for external memory. 


Both the Address Valid Strobe mode and the Write 
Strobe Mode can be enabled at the same time providing 
the signals shown in Figure 12. 


The EA pin is used to determine whether program code 
in the address range 2000H through 3FFFH is fetched 
from internal memory or external memory. Since the 
80C196KA does not have internal memory this pin 
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must be externally tied low. Future ROM and EPROM 
parts, the 83C196KB and 87C196KB respectively, will 
execute from internal memory if the pin is tied high. 
The EA pin is latched on chip reset and cannot be 
changed without resetting the chip. 


A READY pin limit can be set with the CCR, deter- 
mining the maximum number of wait states that will be 
allowed when the READY pin is pulled low. This elim- 
inates the need for external hardware to remove the 
READY signal prior to the next bus cycle. The IRCO 
and IRC1 bits control wait states as follows: 


inci | iRco| Description 


tabs Limit to one wait state 


Limit to two wait states 
Limit to three wait states 
Wait states not limited internally 


When internal program memory is used, the CCR can 
set read and write protection using the LOCO and 
LOCI bits (CCR bits 6 and 7). A zero. on LOCO enables 
read protections and a zero on LOC! enables write pro- 
tection. Both read and write protection may be enabled 
at the same time by clearing both bits. 


2.5 INTERRUPTS 


Twenty-eight (28) sources of interrupts are available on 
the 80C196KA. These sources are gathered into 15 vec- 
tors plus special vectors for NMI, the TRAP instruc- 
tion, and Unimplemented Opcodes. Figure 13 shows 
the routing of the interrupt sources into their vectors as 
well as the control bits which enable some of the 
sources. 


NMI, the external Non-Maskable Interrupt, is the 
highest priority peripheral interrupt. It vectors indirect- 
ly through location 203EH. For design symmetry, a 
mask bit exists in INT__MASK1 for the NMI. To pre- 
vent accidental masking of an NMI, the bit does not 
function and will not stop an NMI from occurring. 
NMI on the 8096 vectored directly to location OOOOH, 


SOURCES 
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so for the 80C196KA to be compatible with 8096 soft- 
ware, which uses the NMI, location 203EH must be 
loaded with O000H. 


Opcode F7H, the TRAP instruction, causes an indirect 
vector through location 2010H. All unimplemented op- 
codes are mapped into a special interrupt vector 
through location 2012H. They act as uninterruptable 
instructions and take one more state time than the 
TRAP instruction. | 


The interrupt sources in the 80C196KA are arranged in 
a fixed priority. Figure 14 shows the priorities (15 is 
highest) of the interrupts and their vector locations. If 
simultaneous interrupt requests are received, the high- 
est priority source that is both pending and enabled will 
get serviced. Software priorities can be provided by en- 
abling and disabling different interrupts in different 
routines. When an interrupt occurs, the 80C196KA’s 
response is identical to that of the 8096; it decrements 
the stack pointer value by 2 and then stacks the pro- 
gram counter value. Because of the additional 16-bit 
internal bus, the 80C196KA interrupt response takes 
only 16/18 states compared with 21/24 states on the 
8096 (states: stack internal/external). 


VECTORS 


NON — MASKABLE INTERRUPT ——————eee NM | 


TIMER 2 CAPTURE =e TIMER 2 CAPTURE 


4TH FIFO ENTRY ee HS) FIFO 4 


UNIMPLEMENTED OPCODE ——e YNIMPLEMENTED OPCODE 


TRAP INSTRUCTION 


SOFTWARE TRAP 


EXTINT EXTINT PIN (NEW) 
\ 10C1.1 
PORT 0.7 EXTINT 
TIFLAG TIFLAG (NEW) 
RIFLAG RI FLAG (NEW) 


SWTO0=-3 SOFTWARE TIMER 
START A/D 


HSO LINES 075 ne HIGH SPEED OUTPUT 


HSI FIFO IS FULL HSI FIFO FULL (NEW) 
N 10C1.7 
HSI HOLDING REGISTER LOADED HS! DATA AVAILABLE 


A/D CONVERSION COMPLETE 
TIMER 2 OVERFLOW (OOOOH OR 8000H) ida OTS TIMER 2 OVERFLOW (NEW) 
10C1.3 
TIMER 1 OVERFLOW TIMER OVERFLOW 


Figure 13. All Possible Interrupt Sources 


A/D CONVERSION COMPLETE 
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INTIS 5 | 203EH | 


a ae Oe 
intis[extintPin | 203AH | 13 
inTi2 _|TIMER2Overtiow | 2038H | 12 _| 
INTO _|4thEntyintoHSIFIFO | 2034H | 10 _ 
Og STA) se aseH 8 | 
CS Ee 
intos _[SeriaPot | 200cH_ | 6 
intos _|Software Timer | 200AH | 5 
intoa|HsioPin | 2008H | 4 
INTOS [High Speed Outputs | 2006H | 3 
InTo2 [HSiDataAvaiiable | _2004H | 2 
[InToo [Timer Overtiow | 2000H | 0 


Figure 14. Interrupt Vector Locations 


The 8 lowest priority interrupts (INTO-INT7) and the 
TRAP instruction are identical to the interrupts on the 
8096. Many of the new interrupt vectors were created 
by separating vectors which were formerly tied to the 
same interrupt. These include: Transmit Interrupt, Re- 
ceive Interrupt, HSI FIFO Full, Timer2 Overflow and 
EXTINT (as opposed to P0.7). The new interrupts add- 
ed are: 


1. HSI FIFO (not including holding register) has 4 or 
more entries 


2. Timer 2 Capture occurred (P2.7 rising edge). 


IPEND1: 
IMASK1: 


FIFO. |. EXT... T2..-) -T2 
=i FULL elglsi=l=[ 
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80C196KA INTERRUPTS Processing of interrupts is controlled by the Interrupt 

Vect Pending Registers, the Interrupt Mask Registers, and 
RR yee ters (shown in Figure 15) have one bit for each inter- 


rupt vector. If a transition occurs to trigger a particular 
interrupt, the associated bit in the pending register is 
set. When a vector to an interrupt routine is taken, the 
associated pending bit is cleared. 


The Interrupt Mask Registers (IMASK, IMASK1) 
have bits to correspond to each interrupt and are set up 
identically to the Interrupt Pending Registers. Each 
mask bit can be set or cleared in software to enable or 
disable individual interrupts. These registers are also 
referred to as INT_.MASK and INT__MASK 1. 


PSW bit 9, the global Interrupt Disable Bit, controls 
the entire interrupt structure. When it is cleared, all 
interrupts are disabled except NMI, TRAP and unim- 
plemented opcode. When it is set and an interrupt is 
both pending and unmasked (Ipend.x = 1, Imask.x= 1), 
the interrupt service procedure begins. The highest pri- 
ority interrupt which is pending and unmasked is the 
first to occur. Interrupt servicing involves a call to the 
address stored in the interrupt vector location and 
clearing of the interrupt pending bit. 


The interrupt mask registers can be used to enable and 
disable specific interrupts from occurring under soft- 
ware control. By using this feature a programmer can 
determine which interrupt sources can interrupt which 
interrupt routines. There are 6 instructions which facili- 
tate this by not allowing interrupts to occur immediate- 
ly after them: 

EI, DI — Enable and disable all interrupts by tog- 

gling the global disable bit (PSW.9). 


PUSHF — PUSH Flags pushes the PSW/IMASK 
pair then clears it, leaving both IMASK 
and PSW.9 clear. 


— POP Flags pops the PSW/IMASK pair 
off the stack 


POPF 


IPEND: 
IMASK1: 


= aS SOFT | HSI.1 | HSO | HSI “le aa 
INT | PORT |TIMER| PIN PIN | DATA |NONE| OVF 


Figure 15. Interrupt Pending Registers 
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PUSHA — PUSH All does a PUSHF, then pushes 
the IMASK1/WSR pair and clears 
IMASK1 


POPA — POP All pops the IMASK1/WSR pair 
and then does a POPF 


Interrupts can also not occur immediately after execu- 
tion of: 


Unimplemented Opcodes 
TRAP — The software trap instruction 


SIGND — The signed prefix for multiply and divide 
instructions 


PUSHA, PUSHF, and DI disable interrupts until soft- 
ware changes either the interrupt mask, PSW.9 or both. 
POPA, POPF, and EI can enable interrupts and are 
frequently used at the end of an interrupt routine, just 
prior to a RETurn. By preventing interrupts from oc- 
curring between these instructions and a RETurn, the 
RET is always executed and the stack will not build up 
needlessly. 


Interrupts cannot occur immediately after unimple- 
mented opcodes or the TRAP instruction, since the in- 
terrupt routine for these operations must have time to 
execute a PUSHF, PUSHA or DI. The SIGND prefix 
and the associated multiply or divide instructions must 
not be separated, so interrupts cannot occur after the 
SIGND opcode. 


Setting and clearing the IPEND and IPEND1 registers 
is simplified since new interrupts are stored in buffer 
registers while read-modify- write operations are per- 
formed on IPEND and IPEND1. To set and clear bits 
in the pending registers the following sequences can be 
used: 


ANDB IPEND, #11110111B; Clear IPEND.3 


ORB IPEND, #00000010B; Set IPEND.1 


Comparing the 80C196KA to the 8096, the interrupt 
response time has been improved as follows: 


External internal 
Stack Stack 
8096 | 80C 196KA| 8096 | 80C196KA 
States 


ee ee ee 
pose @ i2MHiz [6.00] — |s25) 
soctsska@emHz | —| 45 | —| 400 
poctsskaetamHz| —| 30 | —| 267 __ 


Interrupt response time is measured as the elapsed time 
from the end of the previous instruction to the begin- 
ning of the first instruction of the interrupt service rou- 
tine. It does not include the time needed to finish the 
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2.6 INSTRUCTION SET AND PSW 


All the instructions in the 8096 exist in the 80C196KA 
and perform the same function with two exceptions. 
First, the PSW bits are set in a specific manner for 
some operations where the 8096 PSW results were un- 
defined. Second, some instructions execute in fewer 
state times. 


PSW Settings 
The PSW bits on the 80C196KA are set as follows: 


PSW: 


Z: The Zero flag is set to indicate that an operation 
generated a result equal to zero. The instructions 
SUBC(B) and ADDC(B) can only clear the Z flag 
but can not set it. This makes it easier to perform 
double word arithmetic, as a zero in the high word 
will not set the zero flag. 


N: The Negative flag is set to indicate that the opera- 
tion generated a negative result. Note that the N 
flag will be in the algebraically correct state even if 
an overflow occurs. For shift operations, including 
the normalize operation and all three forms (SHL, 
SHR, SHRA) of byte, word and double word 
shifts, the N flag will be set to the same value as 
the most significant bit of the result. This will be 
true even if the shift count is 0. 


V: The oVerflow flag is set to indicate that the opera- 
tion generated a result which is outside the range 
for the destination data type. For divide opera- 
tions, the following conditions are set: 


For the 

operation: V is set if Quotient is: 
UNSIGNED 

BYTE DIVIDE > 255(0FFH) 
UNSIGNED 

WORD DIVIDE > 65535 (OFFFFH) 
SIGNED < =—127(818) 
BYTE or 

DIVIDE > 127(7FH) 
SIGNED < -—$2767 (8001H) 
WORD or 

DIVIDE > $2767 (7FFFH) 


VT: The oVerflow Trap flag is set when the V flag is 
set, but it is only cleared by the CLRVT, JVT and 
JNVT instructions. This allows testing for over- 
flows in a group of operations instead of after each 
operation. 


current instruction or to save values on the stack. = 59,44 


C: The Carry flag is set to indicate the state of the 
arithmetic carry from the most significant bit of 
the ALU for an arithmetic operation, or the state 
of the last bit shifted out of an operand for a shift. 
Arithmetic Borrow after a subtract operation is the 
complement of the C flag (i.e. if the operation gen- 
erated a borrow then C=0.) 


X: Reserved for future. Should always be cleared 
when writing to the PSW for compatibility with 
future products. 


I: The global Interrupt disable bit disables all inter- 
rupts except NMI when cleared. 


ST: The STicky bit is set to indicate that during a right 

shift a one has been shifted into the Carry flag and 

then has been shifted out. This flag can be used 
with the carry flag to determine rounding. 


Descriptions of these new instructions follow: 


aoe ae Pe le > > Sad 
ata, ie ea Fo Dy 0) SSS 

ae ns ae ae S , ire 
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instruction Set Additions 


Six instructions have been added to the 8096 instruc- 
tion set to form the 80C196KA instruction set. The 
added instructions are: 


PUSHA — PUSHes_ the PSW, 
IMASK 1, and WSR 


INT__MASK, 


POPA — POPs the PSW, INT__MASK, IMASK1, 
and WSR 

IDLPD — Sets the part into IDLE or Powerdown 
mode 

DJNZW — Decrement Jump Not Zero using a Word 
counter 


CMPL — Compare 2 long direct values 


BMOV — Block move using 2 auto-incrementing 
pointers and a counter 


1. PUSHA (push all): This instruction is used instead of PUSHF to support the 8 additional interrupts. It is similar 
to PUSHF, but pushes two words instead of one. The first word pushed is the same as for the PUSHF instruction, 
PSW/INT__MASK. The second word pushed is formed by the IMASK1/WSR register pair. As a result of this 
instruction the PSW, INT__MASK, and IMASK1 registers are cleared, and the SP is decremented by 4. Inter- 
rupts are disabled in two ways by this instruction since both PSW.9 and the interrupt masks are cleared. Inter- 
rupts cannot occur between this instruction and the one following it. 


execution: SP <—- SP —- 2 


(SP) <—- PSW/INT_MASK 
PSW/INT_MASK <— 0 


oF ae OF mee 


(SP) <—- IMASK1/WSR 


IMASK1L <— 0 


assembly language format: PUSHA 
object code format: <11110100> 


bytes: 1 
States: on-chip stack:12 
off-chip stack:18 


2. POPA (pop all): This instruction is used instead of POPF to support the 8 additional interrupts. It is similar to 
POPF, but pops two words instead of one. The first word is popped into the IMASK1/WSR register pair, while 
the second word is popped into the PSW/INT__MASK register pair. As a result of this instruction the SP is 
incremented by 4. Interrupts can not occur between this instruction and the one following it. 

execution: IMASK1/WSR < _ (SP) 

SP :o@> «GP: +2 

PSW/INT_MASK <— (SP) 

Sr ote Sr + 2 


assembly language format: POPA 
object code format: <11110101> 
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bytes: 1 
States: on-chip stack: 12 
off-chip stack: 18 


(“ = changed) 


3. IDLPD (idle/powerdown): This instruction is used for entry into the idle and powerdown modes. Selecting IDLE 
or POWERDOWN is done using the key operand. If the operand is not a legal key, the part executes a reset 
sequence. The bus controller will complete any prefetch cycle in progress before the CPU stops or resets. 


execution: if KEY =.1 then enter IDLE 
else if KEY = 2 then enter 
POWERDOWN 
else execute reset. 


assembly language format: IDLPD #key (key is 8=bit value) 
object code formats: <11110110> <key> 


bytes: 2 
States: legal key: § 8 
illegal key: 25 


PSW: 


Legal Key 
Illegal Key 


(— = Unchanged) 


4. DJNZW (decrement and jump if not zero word): This instruction is the same as the DJINZ except that the count 
is a word operand. A counter word is decremented; if the result is not zero the jump is taken. The range of the 
jump is —128 to +127. 


execution: COUNT <- COUNT —- 1 
if COUNT <> 0O then 
PC <= PC + disp (sign extended) 


assembly language format: DJNZW wreg,cadd 
object code format: <11100001> <wreg> <disp> 


bytes: 3 
States: jump not taken: 5 
jump taken: 9 
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5. CMPL (compare long): This instruction is used to compare the magnitudes of two double word (long) operands. 
The operands are specified using the direct addressing mode. Five PSW flags are set following this operation, but 
the operands are not affected. 


execution: DST = SRC 
DST SRC 
assembly language format: CMPL Lreg,Lreg 
object code format: <11000101> <sre Lreg> <dst Lreg> 


bytes: 3 
States: 7 


PSW: 


6. BMOV (block move): This instruction is used to move a block of word data from one location in memory to 
another. The source and destination addresses are calculated using the indirect with auto- increment addressing 
modes. A long register addresses the source and destination pointers which are stored in adjacent word registers. 
The number of transfers is specified by a word register. The blocks of data can reside anywhere in memory but 
should not overlap. 


execution: COUNT <— (CNTREG). 
LOOP: SRCPIR  <—~ (PIRS} 
DSTPIR...<—i ¢PTRS: + 'e) .. 
(DSTPTR)-<—--— (SREP) 
(PTRS).. ¢—, sSRCPTR-+.-2 
(PTRS: +, 2). <- -DSTPIR. + 2 
COUNT < COUNT - 1 
if COUNT <> 0 then go to LOOP 


PTRS CNTREG 
assembly language format: BMOV Lreg,wreg 
object code format: <11000001> <wreg> <Lreg> 


bytes: 3 

States: internal/internal: 8 per transfer + 6 
external/internal: 11 per transfer + 6 
external/external: 14 per transfer + 6 


Notes: 


1. CNTREG does not get decremented during the instruction 
2. It is easy to unintentionally create a very long un-interruptable operation with this instruction. 


To provide an interruptable version of BLKMOV for large blocks, the BLK MOV instruction can be used with the 
DJNZ(W) instruction. This is possible because the pointers are modified, but CNTREG is not. Consider the 
example: 


LD Pinss. ohc ;sPointer to base of sources table 

LD PTRS+2, DST ;sPointer to base of destination table 
LD CNTREG, #COUNT ;Number of words to move per set 

LD CNTSET, #SETS ;Number of sets to move 

BMOV PTRS, CNIREG ;Move one set 

DJNZW CNISET, MOVE ;Decrement set counters and move again 
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Addressing Modes 


The instructions on the 80C196KA can be divided into 
4 groups: no operand, one operand, two operand, and 
three operand. Two and three operand instructions, as 
well as the PUSH and POP instructions, can use multi- 
ple addressing modes, the remaining instructions can 
operate on any of the bytes in the register file or SFR 
space. 


To indicate the address range for the operands of each 
instruction the letters “D’”, “B”, and “A” are used. 
“D” is the destination register and must be in the regis- 
ter file or SFR space. “A” is the second operand. It is 
addressed using one of the six addressing modes and 
can be located anywhere in memory. “B”’ is the third 
operand for three operand instructions and must be lo- 
cated in the register file or SFR space. Three operand 
instructions reduce the number of temporary variables 
needed and therefore the number of move operations, 
speeding up the code for many applications. 


The address modes usable with ““A” operands are listed 
below: 


Direct - The operand is specified by an 8-bit address 
field in the instruction. The operand must be in the 
Register File or SFR space. 


Immediate - The operand itself follows the opcode in 
the instruction stream as immediate data. The immedi- 
ate data can be either 8 or 16 bits wide. 


Indirect - An 8-bit address field in the instruction con- 
tains the 7-bit address of a word in the Register File 
which contains the 16-bit address of the operand. The 
operand can be anywhere in memory 


Indirect With Auto-Increment - Same as indirect, ex- 
cept that after the operand is referenced, the word reg- 
ister which contained its address is incremented by one 
if the operand is a byte or by two if it is a word. 


Indexed (Long and Short) - The instruction contains an 
8-bit address field and either an 8-bit or 16-bit displace- 
ment field. The 8-bit address field gives the 7-bit ad- 
dress of a word in the Register File which contains a 
16-bit base address. The 8-bit or 16-bit displacement 
field contains a signed displacement which is added to 
the base address to produce the address of the operand. 
The operand can be anywhere in memory. 


NOTE: 
The indexed address mode can be used with the Zero 
Register to directly address any location in memory. 
It can also be used with the Stack Pointer to address 
variables on the stack. 


The indexed and indirect modes of addressing on the 
80C196KA operate in fewer state times than they do on 
the 8096 because of the extra 16-bit internal bus. 


Figures 16 and 17 show a summary of the instructions 
available on the 80C196KA and the number of state 
times each requires to execute. Timing values for 
jumps, calls and returns include the time required to 
flush the instruction queue and to fetch the opcode at 
the destination address. 


The instruction times listed are the minimum number 
of state times required for execution. (A state time is 2 
oscillator periods.) This number could increase if wait 
states are used or if the opcode and its operands are not 
prefetched and residing in the instruction queue when 
they are needed. The instruction queue is almost never 
empty when running in the 16-bit bus mode without 
wait states, so the minimum number of state times is 
almost always the correct execution time. 


As would be expected, some performance degradation 
occurs when using wait states or the 8-bit bus since the 
queue may become empty. It is very difficult to predict 
the exact queue status at all times, so the instruction 
timings can not be exactly predicted, only minimum 
and worst case timings can be calculated. 


When adding wait-states, the number of wait-states 
used, multiplied by the number of instruction fetches 
and data accesses occurring, must be added to the in- 
struction execution timing. This will provide the worst- 
case timing for an instruction sequence, the actual tim- 
ing will be between the minimum timing and the worst- 
case timing. 


In the 8-bit bus mode, the worst case timing, assuming 
no wait-states, can be calculated by adding the follow- 
ing to the minimum timings: 


2 state times for each external word write 
1 state time for each external word read 


1 state time for each byte that is not in the queue 
when needed (worst case is the number of bytes in 
an instruction minus 1) 


Instruction execution in the 8-bit mode typically takes 
20 to 30 percent longer than in the 16-bit mode. 
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Instruction Summary 
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SCALL 1 SP <— SP - 2; 

(SP) <— PC;PC <— PC + 11-bit offset 
LCALL 1 SP < SP — 2;(SP) <— PC; 

PC < PC + 16-bit offset 


Figure 16. Instruction Summary 
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Instruction Summary (Continued) 


Operation (Note 1) 
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ee 
eee 
eer 


a 


4 


Jump if ST = 0 


3 Jump if Specified Bit = 1 


oO 
t 
0 
| 
RRS CSRS LS AN Ae a 


.@) 


nlnln m es 
else 
™ 
F1G | 
a) | = 
fos 
8/3 
OP) 
oP) 
3|5|F 
ri-|" 
D 
> 
| 


Jump if Specified Bit = 0 


ee 1 
ifD + Othen PC <— PC + 8-bit offset 


Se DS ee See 


=f 


NOT/NOTB 
CLR/CLRB 


EIRSESE. 


ied aes eae 

C <— msb-----Isb <0 Fol Mead Cooled ws ed ec 

0 —> msb-----Isb > © Cera Eee 

msb —> msb----- isb > C elelelol—le}| 7 | 

Ser ee Ne Oe ee 


Figure 16. Instruction Summary (Continued) 


SETC 
CLRC 
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Instruction Summary (Continued) 


“area 
a eo Bniakacacs 


awe fo [wee sade aes [|e h fof ol -| oa, 
eM CRIES ICIRE Se 
[or | 0 [Disable auintenstsg — 0 [-[-[-|-|-|-|__ 
crf 0 [enable alinenp = 1) [-[-|-1-|-|-| 
ne Te 8 Wee roe ee ie ote er a 
CSN SE <a ER CT NT 
[NonME | 2 | Leftahittiimsb = 10 — shitcomt [>|>]o|-|-|-| 7 


TRAP Wee SP ~~ 2 
(SP) <— PC; PC. <= (2010H) 


PUSHA SP <— SP-2;(SP) < PSW: 
PSW < 0000H; SP < SP-2; 
(SP) <— IMASK1/WSR; IMASK1 <— 00H 
POPA IMASK1/WSR < (SP);SP < SP+2 |v lvl elyele| 
PSW < (SP);SP < SP+2 , 
IDLPD 1 IDLE MODE IF KEY = 1; 
POWERDOWN MODE IF KEY =2; 
CHIP RESET OTHERWISE 
Sa ie Se ee ee ee 


BMOV [PTR_HI]+ <— [PTR_LOW] + ; 
UNTIL COUNT =0 


NOTES: 

1. If the mnemonic ends in “B” a byte operation is performed, otherwise a word operation is done. Operands is done. Operands D, B, 
and A must conform to the alignment rules for the required operand type. D and B are locations in the Register File; A can be 
located anywhere in memory. 

D,D + 2 are consecutive WORDS in memory; D is DOUBLE-WORD aligned. 

D,D + 1 are consecutive BYTES in memory; D is WORD aligned. 

Changes a byte to word. 

. Offset is a 2’s complement number. 

Specified bit is one of the 2048 bits.in the register file. 

The “L” (Long) suffix indicates double-word operation. 

. Initiates a Reset by pulling RESET low. Software should re-initialize all the necessary registers with code starting at 2080H. 

. The assembler will not accept this mnemonic. 


- Figure 16. Instruction Summary (Continued) 
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: hits 
Me mF aa 

: f A 

Ratu cee, eae ® 


INDIRECT | INDEXED 
NORMAL* | A-INC* | SHORT* | LONG* 


7/9 8/10 7/9 8/10 
7/9 | 8/10 7/9 8/10 
7/9 6/8 | 7/9 
7/9 6/8 7/9 
7/9 6/8 7/9 
7/9 6/8 7/9" 
7/9 6/8 7/9 
8/10 7/9 
8/10 
7/9 
7/9 
7/9 
7/9 
7/9 


ADD (8-op) 
SUB (3-op) 
ADD (2-op) 
SUB (2-op) 
ADDC 
SUBC 

CMP 

ADDB (3-op) 
SUBB (3-op) 
ADDB (2-op) 
SUBB (2-op) 
ADDCB 
SUBCB 
CMPB 


MUL (3-op) 
MULU (3-op) 
MUL (2-op) 
MULU (2-op) 
DIV 

DIVU 

MULB (3-op) 
MULUB (3-op) 
MULB (2-op) 
MULUB (2-op) 
DIVB 

DIVUB 


AND (3-op) 
AND (2-op) 
OR (2-op) 
XOR 

ANDB (3-op) 
ANDB (2-op) 
ORB (2-op) 
XORB 


LD/LDB 6/8 
ST/STB 6/8 
LDBSE 6/8 
LDBZE 6/8 


ARHRAHRAUAATAUAAAAYO OH 


PUSH (int stack) 
POP (int stack) 
PUSH (ext stack) 
POP (ext stack) 
*Times for (Internal/External) Operands 
Figure 17a. Instruction Execution State Times 


\ 
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PUSHF (int stack) 
POPF (int stack) 
PUSHA (int stack) 
POPA (int stack) 


TRAP (int stack) 

LCALL (int stack) 
- SCALL (int stack) 

RET (int stack) 


CMPL 
CLR/CLRB 
NOT/NOTB 
NEG/NEGB: 


LUMP 
SJMP 

BR [indirect] 
JNST, JST 
JNH, JH 
JGT; JLE 
JNC, JC 
JNVT, JVT 
JNV, JV 
JGE, JLT 
JNE, JE 
JBC, JBS 


NORML 

SHRL 

SHLL 

SHRAL 
SHR/SHRB 
SHL/SHLB 
SHRA/SHRAB 


eee i: eee _ : at , ue ee. Ie Sea moe Pert vw er De, dees id ‘ ew $a? eet : 

a THs “2 . eo ee Ss “poe 4 a oT eee ee ce Pelt TE Aca 
ee &: ay Sah a a, ae = Ne cS cee : Cee - Bie eer =e eae: te is Ae s N a = - Ae 
— ys > " ee > 4% x +. = = = y? “ ao Sey J : > + : ee t e * ag a rahe ~ 3 * 
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PUSHF (ext stack) 
POPF (ext stack) 
PUSHA (ext stack) 
POPA (ext stack) 


TRAP (ext stack) 
LCALL (ext stack) 
SCALL (ext stack) 
RET (ext stack) 


DEC/DECB 
EXT/EXTB 
INC/INCB 


4/8 jump not taken/jump taken 
4/8 jump not taken/jump taken 
4/8 jump not taken/jump taken 
4/8 jump not taken/jump taken 
4/8 jump not taken/jump taken 
4/8 jump not taken/jump taken 
4/8 jump not taken/jump taken 
4/8 jump not taken/jump taken 
5/9 jump not taken/jump taken 


8 + 1 per shift (9 for 0 shift) 
7+ 1 per shift (8 for 0 shift) 
7 + 1 per shift (8 for O shift) 
7 + 1 per shift (8 for O shift) 
6 + 1 per shift (7 for 0 shift) 
6 + 1 per shift (7 for O shift) 
6 + 1 per shift (7 for 0 shift) . 


15 (includes fetch of configuration byte) 
3 
8/25 (proper key/improper key) 


Figure 17b. Instruction Execution State Times 
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3.0 PERIPHERAL DESCRIPTION 


3.1 OVERVIEW 


There are five major peripherals on the 80C196KA: the 
serial port, analog to digital converter, pulse-width- 
modulated output, standard I/O ports and the high 
speed I/O unit. With the exception of the high speed 
I/O unit (HSIO), each of the peripherals is a single unit 
that can be discussed without further separation. These 
peripherals will be described after the HSIO unit. 


Four individual sections make up the HSIO and work 
together to form a very flexible timer/counter based 
I/O system. Included in the HSIO are a 16-bit timer 
(TIMER1), a 16-bit up/down counter (TIMER2), a 
programmable high speed input unit (HSI), and a pro- 
grammable high speed output unit (HSO). 


With very little CPU overhead the HSIO can measure 
pulse widths, generate waveforms, and create periodic 
interrupts. Depending on the application, it can per- 
form the work of up to 18 timer/counters and capture/ 
compare registers. Timer! and Timer2 are used as the 
time bases for the HSIO. After describing -their opera- 
tion, the HSI and then the HSO will be discussed. 


3.2 TIMERS 


Timer1 | 


Timer1 is a free-running timer which is incremented 
every eight state times, just as it is on the 8096. It can 
be read and written, but care must be taken when writ- 
ing to it if the: High Speed I/O (HSIO) Subsystem is 
being used. The precautions necessary when writing to 
Timer! are described in the HSIO section. Timer! can 
cause an interrupt when it overflows from OFFFFH to 
OO000H if enabled by setting IOC1.2=1. 


Bede tee ce ee) 
Disable downcount 

| P26 | Countdownifioc2i=1 | Countup 
| 


P2.7 Capture Timer2 into T2CAPture 
on rising edge 


Timer2 


Timer2 on the 80C196KA has many enhancements 
over Timer2 on the 8096. It counts transitions, both 
positive and negative, on its input which can be either 
the T2CLK pin or the HSI.1 pin depending on the state 
of IOCO.7. The maximum transition speed is once per 
state time in the Fast Increment mode, and once every 
8 states otherwise. Timer2 can be read and written and 
can be reset by hardware, software or the HSO unit. 


Interrupts can be generated if Timer2 crosses the 
OFFFFH/0000H boundary or the 7FFFH/8000h 
boundary in either direction. By having two interrupt 
points it is possible to have interrupts enabled even if 
Timer2 is counting up and down centered around one 
of the interrupt points. The interrupt can be set to vec- 
tor through location 2038H or 2000H using the inter- 
rupt mask registers and IOC1.3. 


The value in Timer2 can be captured into the 
T2CAPture register by a rising edge on P2.7. T2CAP is 
located at OCH in register plane 15. The interrupt gen- 
erated by a capture vectors through location 2036H. 


Timer2 can be placed in the Fast Increment mode by 
setting IOC2.0. In this mode it is not synchronized to 
the HSO unit and may not work properly with the 
HSO if transitions occur faster than every 8 states. In 
addition, HSO events based on Timer2 may not occur 
as expected if a count transition occurs within 8 state 
times before or after the timer is reset by other than an 
HSO event. 


Timer2 can be made to count up or down based on the 
Port 2.6 pin if IOC2.1 = 1. However, caution must be 
used when this feature is working in conjunction with 
the HSO. If Timer2 does not complete a full cycle it is 
possible to have events in the CAM which never match 
the timer. These events would stay in the CAM until 
the CAM is cleared or the chip is reset. 


The following control/status bits are associated with 
the Timer2: 
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3.3 HIGH SPEED INPUTS (HSI) 


The High Speed Input (HSI) unit can capture the value 
of Timer! when an event takes place on one of four 
input lines. Four types of events can trigger a capture; 
rising edges only, falling edges only, rising or falling 
edges or every eighth rising edge. Whenever the every 
eighth rising edge mode is entered the divide-by-8 coun- 
ter is reset, allowing very fast pulses to be measured and 
counted. The input lines are sampled for events during 
every Phasel. A block diagram of this unit is shown in 
Figure 18. 


Each of the input lines can be individually programmed 
to select the type of event to trigger on using the HSI__ 
MODE register (shown in Figure 19). Several bits of 
the IOCO register enable and disable the HSI lines, as 
well as control the inputs to Timer2. The function of 
these bits is shown in Figure 20. 


When events occur, the Timer! value and 4 status bits 
indicating which line(s) had events get stored in a 7 
level fifo. The next event ready to be unloaded from the 
fifo is placed in the HSI Holding Register, so a total of 
8 pieces of data can be stored in the fifo. If events occur 
after the fifo is full they will not be recorded and the 
fifo will contain the information gathered prior to the 
overflow error condition. 


HSI Trigger Options 


HI TO LO 


a ne Reese 
ae KAT 


LO TO HI 


PERLE 


EVERY EIGHTH POSITIVE 
TRANSITION 
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Data is taken off the fifo by reading the HSI_STATUS 
register, followed by reading the HSI__TIME register. 
When the high byte of the time register is read the next 
fifo location is loaded into the holding register, so read- 
ing HSI_TIME before HSI_STATUS will result in 
getting the wrong status information. For convenience 
the HSI time register should be read as a word. The 
HSI unit is synchronized to Timer1 which increments 
every 8 state times. For this reason it is required that 8 
state times elapse between reading HSI__TIME and the 
next HSI_STATUS. The HSI_STATUS register, 


shown in Figure 21, also contains bits which indicate 


the level of the HSI pins at the time that HSI__ 
STATUS is read. 


The HSI can generate interrupts in three ways: each 
time a value moves from the fifo into the holding regis- 
ter; when the fifo (independent of the holding register) 
has 4 or more events stored; when the fifo has 6 or 
more events stored. The first case is called FIFO__ 
LOADED, the second is FIFO__4, and the last case is 
called FIFO__FULL. Either the FIFO_.LLOADED or 
the FIFO__FULL interrupts can be selected by IOC1.7 
to vector through location 2004H. The FIFO__4 inter- 
rupt vectors through location 2034H, and the FIFO__ 
LOADED interrupt vectors through location 203CH. 
An additional interrupt can be generated by a rising 
edge on the HSI.0 pin, even if the pin is not enabled to 
the HSI unit. This interrupt vectors through location 
2008H. 


16=BIT 


XTAL1/16 


TRIGGERED 
INPUT(S) 


CURRENT 
STATUS 


HSI_STATUS HSI_TIME 
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Figure 18. HSI Block Diagram 
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HSI__Mode (03H) 


7tejstsisj2qi 


ko eet eee 


HSI.0 MODE 
HSI.1 MODE 
HSI.2 MODE 
HSI.3 MODE 


WHERE EACH 2= BIT MODE CONTROL FIELD 
DEFINES ONE OF 4 POSSIBLE MODES: 


00 8 POSITIVE TRANSITIONS 
01 EACH POSITIVE TRANSITION 
10 EACH NEGATIVE TRANSITION 
11. EVERY TRANSITION 
(POSITIVE AND NEGATIVE) 
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Figure 19. HSI Mode Register 


10CO (15H) 


T2RST ———O ---10C0.5 


T2 RESET 


+ --10C0.3 
+ == 10C0.0 


HSI.0 Ph siete apcaieics AE) 
¢ == 10C0.2 


Bs, Ram Ue HSI 
HSI.1 OT ee Fag TIMER2 


T2CLK ——O ‘-- 10C0.7 scien 
- == 10C0.4 

1 ane, Nt OEE OTT 
- == 1000.6 


HSI.3 a 5 ee ee HSI 
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Figure 20. |OCO Control of the HSI 


HSI__Status (06H) 


PEELE 


HSI.0 STATUS 
HSI.1 STATUS 


HSI.2 STATUS 
HSI.3 STATUS 


WHERE FOR EACH 2=BiT STATUS FIELD THE LOWER 
BIT INDICATES WHETHER OR NOT AN EVENT HAS 
OCCURED ON THIS PIN AND THE UPPER BIT INDICATES 
THE CURRENT STATUS OF THE PIN. 
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Figure 21. HSI Status Register 


3.4 HIGH SPEED OUTPUTS (HSO) 


The High Speed Output (HSO) unit can generate events 
at specified times or counts based on Timer! or Timer2. 
A block diagram of the HSO unit is shown in Figure 
22. Up to 8 pending events can be stored in the CAM 
(Content Addressable Memory) of the HSO unit at one 
time. Commands are placed into the HSO unit by first 
writing to HSO_COMMAND ~-with the event to oc- 
cur, and then to HSO__TIME with the timer match 
value. Although HSO__TIME is usually written as a 
word, it is the writing of the high byte which sends the 
command into the CAM. Since the HSO is synchroniz- 
ed to Timer! and the HSI, 8 state times must elapse 
between writing to HSO__TIME and writing the next 
HSO__COMMAND. 


Sixteen different types of events can be triggered by the 
HSO: 8 external and 8 internal. There are two interrupt 
vectors associated with the HSO. The one at 2006H is 
used for external events, the one at 200AH, called the 
Software Timer Interrupt, is used for internal events. 
External events consist of switching up to 6 lines, 
HSO.O through HSO.5. These lines switch during 
Phasel. (Note that HSO.4 and HSO.5 are shared with 
HSI.2 and HSI.3.) 


Internal events include setting up 4 Software Timers, 
resetting Timer2, and starting an A to D conversion. 
The software timers are flags that can be set by the 
HSO and optionally cause interrupts. The format for 
the HSO commands is shown in Figure 23. Note that 
commands OC and OD will act as additional software 
timer commands with no associated status bit. They are 
useful only if the interrupt bit (bit4) is set in the HSO__ 
COMMAND. 
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XTAL1/16 


23 
CAM FILE 


HOLDING REGISTER 
16 
HSO_COMMAND HSO_TIME 


16=BIT 


EVENT 
COUNTER 


16=BiT 


TIMER1 


T2CLK 
T2RST 


CAUSE 
COMPARATOR EVENT 


HIGH SPEED OUTPUT CONTROLS 
6 PINS 
4 SOFTWARE TIMERS 
2 INTERRUPTS 
INITIATE A/D CONVERSION 
RESET TIMER2 
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Figure 22. HSO Block Diagram 


[IR Se cS oo ee, Oe ES ae a 


HSO_ CAM |TMR2/| SET/ 
COMMAND] LOCK | TMR1 |CLEAR 


— Locks event in CAM if this is enabled by 1|OC2.6 (ENA__LOCk) 


CAM Lock 


INT/ 
INT 


CHANNEL 


TMR/TMR1 — Events Based on Timer2 / Based on Timer?’ if 0 
SET/CLEAR — Set HSO line / Clear HSO line if 0 


INT/INT 
0-5: HSO lines 0-5 


CHANNEL: 
(in Hex): 


HSO lines 0 and 1 
HSO lines 2 and 3 


— Cause Interrupt / No interrupt if 0 


Software Timers 0-4 


Unflagged Events 


Reset Timer2 


Start A to D conversion 


Figure 23. HSO Command Register 


The CAM Lock bit (HSO__Command.7) can be set to 
keep commands in the CAM, otherwise the commands 
will clear from the CAM as soon as they cause an 
event. This feature is best used to generate periodic 
events based on Timer2 and must be enabled by setting 
IOC2.6. To clear locked events from the CAM, the en- 
tire CAM must be cleared by writing a one to the CAM 
clear bit IOC2.7. A chip reset will also clear the CAM. 
It is possible to cancel individual external events by 
writing the opposite event to the CAM and setting it to 


occur at the same time. Both of these events will then 
remain in the CAM until the time tag is matched. 


Since HSO events are dependent on exact matches of 
the timers with the values in the CAM, it is important 
to be very careful when using timers in any mode ex- 
cept continuous counting in one direction. If Timer2 is 
used in the Fast Count mode, the HSO should not be 
used if counts could occur faster than once every 8 state 
times. 
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Speere 


A status register, IOS2, has been added to the 80C196KA to indicate which events have been generated by the HSO 
unit. IOS2 is cleared whenever it is accessed (a jump on bit is considered an access). The correspondence between the 
HSO events and the bits in the IOS2 is shown below. 


Ce a eo es a a ee ee 


Bits 0 through 5 indicate that a command affecting the corresponding HSO pin was executed. Bits 6 and 7 indicate 
occurrence of HSO_.CMD__14 and HSO__CMD__15 respectively (Reset Timer2 and Start A/D Converter.) This 
register clears on read. 


1IOS2: 


The IOSO register contains the status of the HSO lines. When WSR = 15, writing to this register changes the values 
on the HSO pins. However, the HSO can change this written value by executing a command. The IOSO register 


format is shown below. 
pee |: Ob ON see | Mee | meg 


Bits 0 through 5 indicate the state of the I/O line. Bits 6 and 7 indicate that a space is available in the CAM and a 
space is available in the holding register, respectively. 


1OSO: 


3.5 SERIAL PORT 


The serial port on the 80C196KA has three full-duplex asynchronous modes and one synchronous mode. All of the 
modes are compatible with the other MCS®-96 parts and members of the MCS®-51 product family. The synchro- 
nous mode is called Mode 0, the asynchronous modes are called Modes 1, 2 and 3. An independent baud rate 
generator determines the baud rate for all of the modes. The baud rate value is different than that used for the 8096. 


Mode 0 


Mode 0 synchronous operation uses the RXD pin to input or output data 8 bits at a time. TXD is used to output the. 
clock signal. The low time of the clock is always two states except in the fastest mode. In the fastest mode, set by 
entering a 8001H into the baud register, the low and high times of the clock are each one state time. Figure 24 shows 
the relative timings of the serial port operating in Mode 0. 


Mode 1 


Mode 1 is the standard asynchronous serial communication mode. A 10-bit frame (shown in Figure 25) is transmit- 
ted or received using a start bit, 8 data bits, and a stop bit. If parity is enabled by setting PEN = 1, an even parity bit 
is sent instead of the 8th data bit and parity is checked on reception. 


Mode 2 


Mode 2 is the 9th bit recognition mode and is frequently used with Mode 3 in interprocessor communication. In this 
mode an 11-bit frame (shown in Figure 25) consisting of a start bit, 9 data bits, and a stop bit are sent and received. 
When transmitting, the 9th bit can be set using TB8. During reception the RI flag and interrupts will not be set 
unless the 9th data bit is high. Parity cannot be enabled in this mode. 


Mode 3 


Mode 3 uses the same 11-bit frame as Mode 2. When transmitting, parity can be enabled, providing 8 data bits and 
an even parity bit in place of the 9th data bit. When receiving, the RI bit is always set and the RB8 bit contains the 
value of the 9th data bit. If parity is enabled, (PEN = 1), the RB8/RPE bit will indicate a parity error if one occurs. 
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Figure 24. Serial Port Mode 0 Timings 


ror \ stant /“po X01 X02 X08 X O41 X05 X Bs X O77 STOP 


fea 


10-BIT FRAME 
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Serial Port Frame—Mode 1 


stor \_stant_/“o0 X01 X62 X03 X06 X65 X06 XO7 X 08 J STOP 


8-BITS OF DATA 


it a 


PROGRAMMABLE 9TH BIT 
11-BIT FRAME 
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Serial Port Frame—Modes 2 and 3 


Figure 25. Serial Port Frames, Modes 1, 2 and 3 


Baud Rates 


Baud rates are generated based on either the T2CLK 
pin or XTALI pin. The values used are different than 
those used for the 8096 because the 80C196KA uses a 
divide-by-2 clock instead of a divide-by-3. clock to gen- 
erate the internal timings. Baud rates are calculated us- 
ing the following formulas where BAUD__REG is the 
value loaded into the baud rate register: 


Asynchronous Modes 1, 2 and 3: 


T2CLK 
Baud Rate * 8 


XTAL1 


BAUR REGS Baud Rate* 16 


Synchronous Mode 0: 


XTAL1 < 
Baud Rate * 2 


T2CLK 


BAUD__REG = —_——_— 
Baud Rate 


The most significant bit in the baud register value is set 
to a one to select XTALI as the source. If it is a zero 
the T2CLK pin becomes the source. The following ta- 
ble shows some typical baud rate values: 


BAUD RATES AND BAUD REGISTER VALUES 
BAUD XTAL1 FREQUENCY 


RATE | 8.0MHz | 10.0MHz | 12.0MHz_ 


1666 / —0.02} 2082 /0.02 | 2499 / 0.00 
416 / —0.08 | 520 / —0.03| 624/ 0.00 
259/0.16 | 312/ —0.16 
129/0.16 | 155/0.16 
64 / 0.16 77/0.16 
32 / 1.40 38 / 0.16 


Baud Register Value / % error 


207 / 0.16 
103 / 0.16 
51/0.16 
25 / 0.16 


A maximum baud rate of 750 Kbaud is available in the 
asynchronous modes with 12MHz on XTALI. The 
synchronous mode has a maximum rate of 3.0 Mbaud 
with a 12 MHz clock. Location OEH is the Baud Regis- 
ter. It is loaded sequentially in two bytes, with the low 
byte being loaded first. This register may not be loaded 
with zero in serial port Mode 0. 
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Serial Port Control 


Reading the serial port is done through the Serial 
BUFfer receive (SBUF(RX)) register at location 7. This 
register is double buffered so data can continually be 
received. Writing to the serial port is done through 
SBUF(TX), also addressed at location 7. This register is 
double buffered on the 80C196KA to allow two bytes 
at a time to be written to the serial port. 


Serial port control is done through the Serial Port 
CONtrol (SP__CON) register at location 11H. This 
register is write-only in Window 0 and has the follow- 
ing format: 


sp_con| 7 [6 | 5| 4] 3/2] 1 | 0° 
LX | x | x [Tes|RENPEN) M2 | Mt 


TB8 —Sets the ninth data bit for transmission. 
Cleared after each transmission. Not valid if 
parity is enabled 


REN — Enables the receiver 
PEN -— Enables the Parity function (even parity) 


M2,M1— Sets the mode. Mode0=00, Model =01, 
Mode2 = 10, Mode3= 11 


The status of the serial port is read through the bits in 
the Serial Port STATus (SP__STAT) register, also at 
location 11H. Figure 21 shows the status bits of this 
register. On the 80C196KA the SP_STAT register 
' contains new bits to indicate receive Overrun Error 
(OE), Framing Error (FE), and Transmiter Empty 
(TXE). The bits which were also present on the 8096 
are the Transmit Interrupt (TI) bit, the Receive Inter- 
rupt (RI) bit, and the Received Bit 8 (RB8) or Receive 
Parity Error (RPE) bit. SP_STAT is read-only in 
Window 0 and has the following format: 


SP_STAT| 7_ aS anes ce uur 


RB8/ 
TX 


RB& — Set if the 9th data bit is high on reception 
(parity disabled) 

RPE -— Set if parity is enabled and a parity error 
occurred 

RI — Set at the end of the STOP bit reception 

TI — Set at the beginning of the STOP bit trans- 
mission 

FE — Set if no STOP bit is found at the end of a 
reception 


TXE — Set if two bytes can be sent to SBUF(TX) 


OE — Set if a byte is lost because SBUF was not 
read fast enough 


The receiver on the 80C196KA checks for a valid stop 
bit. When one is detected, the data in the receive shift 
register is loaded into SBUF(RX). If a stop bit is not 
found within the appropriate time the Framing Error 
(FE) bit is set. In either case, the data in the receive 
shift register-is loaded into SBUF(RX) and the RI bit is 
set. If this happens before the previous byte in 
SBUF(RX) is read, the Overflow Error (OE) bit is set. 
The data in SBUF(RX) will always be the latest byte 
received; it will never be a combination of the two 


bytes. When the RI bit is set it can cause an interrupt — 


through the vectors at locations 200CH and 2032H. 
The RI, OE, and FE bits are reset when SP__STAT is 
read. 


The Transmitter Empty (TXE) bit is set if the transmit 
FIFO is empty and ready to take up to two characters 
to be sent. TXE gets cleared as soon as a byte is written 
to SBUF. Two bytes may be written consecutively to 
SBUF if TXE is set. One byte may be written if TI 
alone is set. By definition, if TXE has just been set, a 
transmission has completed and TI will be set. When 
the TI bit is set it can cause an interrupt through the 
vectors at locations 200CH and 2032H. The user 
should not mask off this interrupt when using the dou- 
ble-buffered feature of the transmitter, as it could cause 
a missed count in the number of bytes being, transmit- 
ted. The TI bit is reset when the CPU reads the SP__ 
STAT registers. 


3.6 A-TO-D CONVERTER 
The 80C196KA A-to-D converter has 10 bits of resolu- 


tion and can be run in modes compatible with either the . 


8096-90 or the 8096BH. Conversions can be performed 
on one of eight channels, the inputs of which share pins 
with port 0. The A to D includes a switchable Sample 
and Hold feature for the selected channel and does the 
conversion in as little as 91 state times. 


Conversions are started by loading the AD__COM- 
MAND register at location 02H with the channel num- 
ber. The conversion can be started immediately be set- 
ting the GO bit to a one. If it is cleared the conversion 
will start when the HSO unit triggers it. The AD__ 
COMMAND register has the following format: 


7{e{s{4{sa}2}1jo' 


ATOD_ 


COMMAND: ghind + beled CHANNEL 
NUMBER 
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The A-to-D converter can cause an interrupt to occur through the vector at location 2002H when it completes a 
conversion. It is also possible to use a polling method by checking the Status (S) bit in the lower byte of the AD__ 
RESULT register, also at location 02H. The status bit will be a 1 while a conversion is in progress. It takes 8 state 
times to set this bit after a conversion is started. The upper byte of the result register contains the most significant 8 
bits of the conversion. The lower byte format is shown below: | 


ATOD_ 
#5 “| LOWEST 2 CHANNEL 
RESULT 


. BITS NUMBER 


At high crystal frequencies, more time is needed to allow the comparator to settle. For this reason IOC2.4 is 
provided to adjust the speed of the A-to-D conversion by disabling/enabling a clock prescaler. At low frequencies the 
leakage currents cause the sample and hold not to work, so IOC2.3 is provided to turn the sample and hold feature 
off. 


A summary of the conversion time for the four options is shown below. The numbers represent the number of state 
times required for conversion, e.g., 91 states is 22.7 us with an 8 MHz XTALI (providing a 250 ns state time.) 


IOC2.3 1/0 = Sample and Hold off/on 


IOC2.4 1/0 = A to D Clock Prescaler off/on 
10 MHz XTAL1 maximum with prescaler off 


Clock Prescaler On Clock Prescaler Off | 
10C2.4=0 10C2.4= 1 : 
10C02.3=0 158 states 91 states 91 states 
with S&H 26.33 ws @ 12 MHz | 22.75 us @ 8 MHz | 18.2 us @ 10 MHz 
0C2.3=1 293 states 163 states 163 states 
without S&H | 48.83 ws @ 12 MHz | 40.75 ws @ 8 MHz | 32.6 ws @ 10 MHz 


3.7 PULSE-WIDTH-MODULATION 
OUTPUT (PWM) 


8 
The PWM output unit is an 8-bit counter which incre- 
ments every state time. When the counter equals zero 
the output is set high, when it equals the value in the 
PWM register (location 17H) the output goes low. This 
provides an approximation to an analog output for : 8 
driving motors and other similar devices. A block dia- 
gram of the PWM unit and examples of PWM wave- 
forms are shown in Figures 26 and 27 respectively. The 
80C196KA PWM unit has a prescaler bit (divide by 2) 
which is enabled by setting IOC2.2= 1. This allows the 
counter to have a period of 512 state times instead of 
256. The PWM frequencies are as follows: 
COUNTER 


LXTAL1= | @MHz | 10MHz | 12MHz_ 


lOC2.2=0 | 15.6KHz | 19.6 KHz | 23.6 KHz 
lOC2.2= 1 7.8 KHz 9.8 KHz 11.8 KHz 
10C2.2 cs 


OVERFLOW 


STATE TIME CLOCK 
F(XTAL1)/2 


270418-24 


¢ Duty Cycle Programmable in 256 Steps 


Figure 26. PWM Block Diagram 
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OUTPUT WAVEFORM 
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Figure 27. PWM Waveforms 


3.8 STANDARD I/O PORTS 


Five (5) 8-bit I/O ports are available on the 
80C196KA. Port 0 (location OEH) is an input only port 
which shares its pins with the A to D converter. Port 1 
(location OFH) is a quasi-bidirectional port. Port 2 (lo- 
cation 10H) has multiple functions on its pins as shown 
in Figure 28. 


Quasi-bidirectional pins can be used as input and out- 
put pins without the need for a data direction register. 
They output a strong low value and a weak high value. 
The weak high value can be externally pulled low pro- 
viding an input function. Figure 29 shows the configu- 
ration of a CHMOS quasi-bidirectional port. Note that 
it is not identical to the NMOS version. 


Outputting a 0 on a quasi-bidirectional pin turns on the 
strong pull-down and turns off all of the pull-ups. 
When a 1 is output the pull-down is turned off and 3 
pull-ups (strong-P1, weak-P3, very weak-P2) are turned 
on. Each time a pin switches from 0 to 1 transistor P1 
turns on for two state times. P2 remains on until a zero 
is written to the pin. P3 is used as a latch, so it is turned 
on whenever the pin is above the threshold value 
(around 2 volts). 


To reduce the amount of current which flows when the 
pin is externally pulled low, P3 is turned off when the 
pin voltage drops below the threshold. The current re- 
quired to pull the pin from a high to a low is at its 
maximum just prior to the pull-up turning off. An ex- 
ternal driver can switch these pins easily. The maxi- 
mum current required occurs at the threshold voltage 
and is approximately 700 microamps. 


Ports 3 and 4 are open drain I/O ports which share 
their pins with the System Bus. The port 3 and 4 pins 
will act as port pins if the EA pin is set for internal 
access and external memory is not being accessed. In all 
other cases the ports must be reconstructed with exter- 
nal hardware since the system bus uses the pins. Since 
external memory is always required with the 
80C196KA, these ports must be reconstructed by plac- 
ing latches at addresses 1FFE and 1FFFH in external 
memory. Future ROM and EPROM parts will be able 
to use the on-chip ports. By using the port reconstruc- 
tion feature it is possible to build a multi-chip system 
which is exactly software compatible with a single-chip 
system. 


ALTERNATE ee 
meneame 


/Output| TXD TXD (Serial Port Transmit) _| Port Transmit) }0C1.5 5 


2 fa RXD (Serial Port Receive) SPCON.3 
'2.3|Input | T2CLK (Timer? Clock & Baud) |IOCO.7 


24linput |T2RST(Timer2 Reset) |IOCO.5 


25[oupalpuM Out ‘ocr 
26|080° [Timer up/down seiect [toca 


*QBD = Quasi-bidirectional 
Figure 28. Port 2 Multiple Functions 
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CHMOS Configuration. pFET 1 is turned on for 2 osc. periods after Q makes a 1-to-0 transition. During this time, pFET 1 
also turns on pFET 3 through the inverter to form a latch which holds the 1. pFET 2 is also on. 


Figure 29. CHMOS Quasi-bidirectional Port Circuit , 


3.9 USING THE ALTERNATE REGISTER WINDOW (WSR = 15) 


I/O register expansion on the new CHMOS members of the MCS-96 family has been provided by making two 
register windows available. Switching between these windows is done using the Window Select Register (WSR). The 
PUSHA and POPA instructions can be used to push and pop the WSR and second interrupt mask when entering or 
leaving interrupts, so it is easy to change between windows. 


On the 80C196KA only Window 0 and Window 15 are active. Window 0 is a true superset of the standard 8096 SFR 
space, while Window 15 allows the read-only registers to be written and write-only registers to be read. The only 
major exception to this is the Timer2 register which is the Timer2 capture register in Window 15. The writeable 
register for Timer2 is in Window 0. There are also some minor changes and cautions. The descriptions of the 
registers which have different functions in Window 15 than in Window 0 are listed below: 


AD__COMMAND (02H) — Read the last written command 
AD__RESULT (02H, 03H) — Write a value into the result register 


HSI__MODE (03H) — Read the value in HSI_MODE 

HSI__TIME (04H,05H) — Write to FIFO Holding register 

HSO__TIME (04H,05H) — Read the last value placed in the holding register 
HSI_STATUS (06H) — Write to status bits but not to HSI pin bits. (Pin bits are 1,3,5,7). 
HSO__.COMMAND (06H) — Read the last value placed in the holding register 

SBUF(RX) (07H) — Write a value into the receive buffer 

SBUF(TX) (07H) — Read the last value written to the transmit buffer 
WATCHDOG(0OAH) — Read the value in the upper byte of the WDT 

TIMER1 (OAH,0BH) — Write a value to Timer] 

TIMER2 (0CH,ODH) — Read/Write the Timer2 capture register. 

(Timer2 read/write is done with WSR =0) 

IOC2 (OBH) — Last written value is readable, except bit 7 (note 1) 
BAUD__RATE (OEH) — No function, cannot be read 

PORTO (OEH) — No function, no output drivers on the pins 

SP__STAT (11H) — Set the status bits, TI and RI can be set, but it will not cause an interrupt 
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SP__CON (11H) — Read the current control byte 

IOSO (15H) — Writing to this register controls the HSO pins. Bits 6 and 7 are inactive for writes. 

IOCO (15H) — Last written value is readable, except bit 1 (note 1) 

IOS1 (16H) — — Writing to this register will set the status bits, but not cause interrupts. Bits 6 and 7 
are not functional 

IOC1 (16H) — Last written value is readable 

IOS2 (17H) — Writing to this register will set the status bits, but not cause interrupts. 


PWM__CONTROL (17H) — Read the duty cycle value written to PWM__CONTROL 


Note: 
1. IOC2.7 (CAM CLEAR) and IOCO.1 (T2RST) are not latched and will read as a 1 (precharged bus) . 


Being able to write to the read-only registers and vice-versa provides a lot of flexibility. One of the most useful 
advantages is the ability to set the timers and HSO lines for initial conditions other than zero. 


3.10 SFR BIT SUMMARY 


A summary of the SFRs which control I/O functions has been included in this section. The summary is separated 
into a list of those SFRs which have changed on the 80C196KA and a list of those which have remained the same. 


The following 80C196KA SFRs are different than those on the 8096BH: 
(The Read and Write comments indicate the register’s function in Window 0 unless otherwise specified.) 


SBUF(TX) — Now double buffered 
O7h 
write 


BAUD RATE — Uses new Baud Rate Values 


OEh 
write 
sp_STAT: ae a oe 

RB8/ 

sel [mf [meloel x 
1ih | RPE: Receive Parity Error 
read RI: Receive Indicator 

Es Transmit Indicator 

FE: Framing Error 

TXE: Transmitter Empty 

OE : Receive Overrun Error 

Pere Lea eae | 1 

me blebs |e 
IMASK1: FULL} INT | OVF | CAP 
12h,13h Non-Maskable Interrupt 
read/write FIFO FULL : HSIO FIFO full 

EXTINT: — External Interrupt Pin 

T2OVF : Timer2 Overflow 

T2CAP : _Timer2 Capture 

HSI4 : HSI has 4 or more entries in FIFO 

RI: Receive Interrupt | 

pe Transmit Interrupt 
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WSR: 


14h 


read/write 


1082: 


17h 
read 


10C2: 


OBh 
write 


WWWwW = 0: SFRs function like a superset of 8096 SFRs 

WWWW = 15: Exchange read/write registers 

WWWW = OTHER : Undefined, do not use 

XXXX = OOOOB : These bits must always be written as zeros to provide compatibility 


with future products. 
ini i” ik a ala te 


START] T2 
Fos asi 


Indicates which HSO event occured 

START A2D: |_HSO__CMD 15, start A to D 

T2RESET : HSO__CMD 14, Timer 2 reset 

HSO.0-5 : Output pins HSO.0 ralabeaite HSO.5 a 


2 = T2ALT} A2D NOSH SLOW —_ <= 
CAM | LOCK |_ INT CPD PWM | ENA | T2EN 

CLEAR__CAM: Clear Entire CAM 

ENA__LOCK: _— Enable lockable CAM entry feature 


T2ALT INT : Enable T2 Alternate Interrupt at 8000H 


A2D__CPD: Clock Prescale Disable for low XTAL frequency (A to D conversion in 
fewer state times) 


NOSH : Disable A/D Sample and Hold 

SLOW__PWM: Turn on divide by 2 Prescaler on PWM 

T2UD ENA : Enable Timer.2 as up/down counter 
FAST__T2EN: Enable Fast increment of T2; once per state time. 


The following registers are the same on the 80C196KA as they were on the 8096BH: 


A/D Result LO (02H) — A/D Command (02H) 


CHANNEL # SELECTS WHICH OF THE 8 


A/D CHANNEL NUMBER ANALOG INPUT CHANNELS IS TO BE 


CONVERTED TO DIGITAL FORM. 


STATUS: 


X 


0 =A/D CURRENTLY IDLE GO INDICATES WHEN THE CONVERSION IS TO 

1 =CONVERSION IN PROCESS BE INITIATED (GO = 1 MEANS START NOW, 

GO =0 MEANS THE CONVERSION IS TO BE 
INITIATED BY THE HSO UNIT AT A SPECIFIED TIME). 
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A/D RESULT: 


LEAST SIGNIFICANT 2 BITS 


270418-27 
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Chip Configuration (2108H) HSI__Mode (03H) 


71615] 41312] 1] 0] CHIP CONFIGURATION REGISTER 7{e{s}4]3]2}1]jo 


POWERDOWN MODE ENABLE® 


BUS WIDTH SELECT 
(16— BIT BUS /8=BIT BUS) HSI.1 MODE 


WRITE STROBE MODE SELECT HSI.2 MODE 
(WR AND BHE / WRL AND WRH) HSI.3 MODE 


ADDRESS VALID STROBE SELECT WHERE EACH 2=BIT MODE CONTROL FIELD 
(ALE / ADV) DEFINES ONE OF 4 POSSIBLE MODES: 


HSI.0 MODE 


(IRCO) | INTERNAL READY CONTROL 00 8 POSITIVE TRANSITIONS 

(IRC1) MODE 01 EACH POSITIVE TRANSITION 
10 EACH NEGATIVE TRANSITION 

(LOCO) | 11 EVERY TRANSITION 

(Loc1) PROGRAM LOCK MODE (POSITIVE AND NEGATIVE) 
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*Minor Change 


HSi__Status (06H) HSO Command (06H) 


CHANNEL: 
7te[sts[sj2isjo 0-5 HS0.0- HSO.5 
_«~BIT: HSO.0 AND HSO.1 
HSI.0 STATUS HSO.2 AND HSO.3 
HSI.1 STATUS 8-B SOFTWARE TIMERS 
HSI.2 STATUS igang set 
F START A/D CONVERSION 
HSI.3 STATUS 


WHERE FOR EACH 2=BIT STATUS FIELD THE LOWER INTERRUPT / NO INTERRUPT 
BIT INDICATES WHETHER OR NOT AN EVENT HAS SET / CLEAR 

OCCURED ON THIS PIN AND THE UPPER BIT INDICATES 

THE CURRENT STATUS OF THE PIN. | TIMER 2 /TIMER 1 


270418-32 
*Minor Change 


SPCON (11H) 10S0 (15H) 


BIT.1,BIT.0 SPECIFY THE MODE 
0.0=MODEO 1.0 =MODE2 HSO.0 CURRENT STATE 


0.1=MODE1 1.1 =MODE3 HSO.1 CURRENT STATE 


PEN ENABLE THE PARITY FUNCTION HSO.2 CURRENT STATE 
REN ENABLES THE RECEIVE FUNCTION: HSO.3 CURRENT STATE 


TB&8 PROGRAMS THE 9TH DATA BIT ) HSO.4 CURRENT STATE 
HSO.5 CURRENT STATE 


CAM OR HOLDING REGISTER IS FULL 
HSO HOLDING REGISTER IS FULL 
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1OCO (15H) 


HSI.0 INPUT ENABLE / DISABLE 

TIMER 2 RESET EACH WRITE 

HSI.1 INPUT ENABLE / DISABLE 

TIMER 2 EXTERNAL RESET ENABLE / DISABLE 

HSI.2 INPUT ENABLE / DISABLE 

TIMER 2 RESET SOURCE HSI.0 / T2RST 

HSI.3 INPUT ENABLE / DISABLE 

TIMER 2 CLOCK SOURCE HSI.1 / T2CLK 
270418-35 


10S1 (16H) 


SOFTWARE TIMER O EXPIRED 

SOFTWARE TIMER 1 EXPIRED 

SOFTWARE TIMER 2 EXPIRED 

SOFTWARE TIMER 3 EXPIRED 

TIMER 2 HAS OVERFLOW 

TIMER 1 HAS OVERFLOW 

HS! FIFO IS FULL 

HSI HOLDING REGISTER DATA AVAILABLE 
270418-36 


10C1 (16H) 


SELECT PWM / SELECT P2.5 

EXTERNAL INTERRUPT ACH7 / EXTINT 

TIMER 1 OVERFLOW INTERRUPT ENABLE / DISABLE 
TIMER 2 OVERFLOW INTERRUPT ENABLE / DISABLE 
HSO.4 OUTPUT ENABLE / DISABLE 

SELECT TXD / SELECT P2.0 

HSO.5 OUTPUT ENABLE / DISABLE 


HSI INTERRUPT 
FIFO FULL / HOLDING REGISTER LOADED 


Bad RS EES ea 
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4.0 OPERATING MODES 


4.1 IDLE MODE 


When the IDLE mode is entered, using the instruction 
“IDLPD #1”, the CPU stops executing. The CPU 
clocks are frozen at logic state zero, but the peripheral 


clocks and CLKOUT continue to be active. CLKOUT 
logically equals the Phase2 signal that is supplied to the 
peripherals. System bus control signals ALE, RD, WR, 
INST. and BHE go to their inactive states and the bus 
becomes high impedance unless it was being used as 
ports 3 and 4. Power consumption in this mode is about 
40% of that in the normal mode, since only the periph- 
erals are running. 


The interrupt controller and all peripherals, except 
Ports 3 and 4, continue to function during IDLE mode. 
If the chip was executing out of internal memory, Ports 
3 and 4 will retain the data present in their data latches, 
otherwise these pins will be high impedance and their 
input buffers will be turned off. (See the Standard I/O 
Port section for more information about Ports 3 and 4.) 


It is important to note that the Watchdog Timer con- 
tinues to operate in the IDLE mode (if it was enabled 
after reset). This means the chip must wake up the 
CPU approximately every 64K state times (16 millisec- 
onds at 8 MHz XTAL]) in order to reset this timer. 


The CPU can be awakened by any enabled interrupt 
source or a hardware reset. Since all of the peripherals 
are running, this interrupt can be generated by the HSI, 
HSO, timer overflow, serial port, extint, or other simi- 
lar interrupts. If an interrupt brings the CPU out of 
IDLE mode, the first action taken will be to place the 
program counter on the stack and jump to the interrupt 
service routine. When the interrupt service routine is 
done, the instruction executed is the one following 
IDLPD instruction which put the chip in the IDLE 
mode. 


4.2 POWERDOWN MODE 


When the POWERDOWN mode is entered, using the 
instruction “IDLPD #2”’, all internal clocks are frozen 
at logic state zero and the oscillator is turned off. All 
registers and most peripherals hold their values if Voc 
is not removed from the part. The bus control signals 
go to their inactive states, and power is reduced to just 
the device leakage. 


All the bidirectional or output-only port pins (including 
HSO, PWM, serial port, etc.) will assume values pres- 
ent in their respective data latches, except Ports 3 and 
4. In this way the user controls the logic state of the 
port pins. The Port 3 and 4 pins will have values of the 
port latches if the chip was executing out of internal 
memory (future ROM and EPROM parts only), other- 
wise the pins will be in a high-impedance state with 
input buffers shut off. 


All peripherals should be in an inactive state before 
putting the chip in powerdown. If the A to D converter 
is in the middle of a conversion it is aborted. The 
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HSIO, timers (Timer1 and Timer2), and the serial port 
stop in POWERDOWN mode. If the chip comes out of 
POWERDOWN by an external interrupt, the serial 
port will continue from where it left off with a chance 
of erroneous data transmitted or received. Therefore, 
the user must shut off the transmitter (not write any- 
thing to it) and the receiver (REN=0) before putting 
the chip in POWERDOWN. 


When the chip is in Powerdown, it is impossible to time 
out the Watchdog Timer or detect oscillator failure. 
Therefore, systems which will use Powerdown should 
not enable the Watchdog Timer and the systems using 
the Watchdog Timer should not go into Powerdown, 
unless the Watchdog is always reset immediately before 
entering and after exiting Powerdown. 


To prevent accidental entry into Powerdown, the Pow- 
erdown feature can be disabled at reset by clearing bit 0 
of the Chip Configuration Register (CCR). Since the 
default value of the Configuration Byte is OFFH, Pow- 
erdown is normally enabled. 


When in Powerdown, almost the entire state of the 
80C196KA will be preserved, not just the most signifi- 
cant 16 bytes of register file. The Vcc (not Vpp) is used 
to supply power to the chip, so it must remain within 
specifications if the chip status is to be maintained. Cer- 
tain SFRs, may contain incorrect information when the 
chip comes out of Powerdown. SFRs which could do 
this are the A/D result and serial port registers since 
the functions of these registers are real-time dependent 
and CPU-time stops in Powerdown mode. A/D com- 
mands in progress are aborted when coming out of 
Powerdown. It is the users responsibility to handle the 
serial port. 


' 
INTERNAL ! 
POWERDOWN |, 

SIGNAL 


EXTINT 


The Powerdown mode can be exited using either 
RESET or an external interrupt pin. If the RESET pin 
is used, it must externally be held low long enough for 
the oscillator to stabilize, plus 4 states for the reset se- 
quence. 


When exiting Powerdown using an external interrupt, a 
positive level on the pin mapped to INT7 (either 
EXTINT pin or Port0.7 pin) will bring the part out of 
Powerdown mode. This procedure is not affected by 
either the interrupt disable bit or the interrupt mask 
register. An internal timing circuit is used to ensure 
that the oscillator has stabilized before the internal 
clocks are turned on. Figure 30 shows the power down 
and powerup sequence in such a case. 


During normal operation, before the chip goes into 
powerdown, the Vpp pin will rise to Voc through an 
internal pullup. The user must connect a capacitor be- 
tween Vpp and Vss. A positive level on the pin mapped 
to INT7 (external interrupt) will start discharging this 
capacitor if the chip was in Powerdown when this edge 
occurred. The internal current source used to discharge 
this capacitor is approximately 100 A. A threshold 
detector will detect 1 V or lower on the Vpp pin and 
mark the end of the time-out period. A 1 wF capacitor 
will provide about 4 ms startup time. 


_ If the external interrupt is used to bring the part out of 


Powerdown, that bit will be set in the interrupt pending 
register when the chip starts to run. If the interrupt is 
not masked off, the first section of code executed will be 
the interrupt service routine, otherwise execution will 
begin with the code following the IDLPD instruction. 
If the interrupt is not serviced the interrupt pending bit 
will remain set. 
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Figure 30. Powerdown/Up Sequence 
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4.3 RESET SEQUENCE AND STATUS 


The reset sequence on the 80C196KA is slightly differ- 
ent than that of the 8096BH. Figure 31 shows the se- 
quence used on the 80C196KA. 


As soon as the RESET line is pulled low the I/O and 
control lines will go into their reset condition. The state 
of these lines is shown below: 


[name | “Toren | Poca 
Port Pins Pin on Reset 
RESET | | Mid-sized Pullup 
Aiea ae sles cect SOE MID 
|| Weak Pullup 
|| Weak Pultup 
|| Weak Pullup 
| | Weak Pulleup | 
|_| Undefined input * | 
i ore Soe 
Meter 4 
Lie Soe 
eies ated 


Undefined Input * 


BUSWIDTH 
CLKOUT 


The weak pullups and pulldowns are sufficient to hold 
a line in one position or another. Pins listed as unde- 
fined inputs (*) must be tied or driven externally, other- 
wise the part may not function properly. Reset must be 
held low for 4 state times. 


In order for the part to function, the following pins 
must be connected: 


Vcc, Vss1, Vss2, VREF» ANGND, XTAL1, XTAL2 
Value of the 


Multiplexed 
Port Pins Pin on Reset 
P0.0-P0.7 Undefined Input * 
Weak Pullups 


Weak Pullup 
Undefined Input * 


P1.0-P1.7 


Undefined Input * 


ae eee Undefined Input * 
Undefined Input * 


/P2.5 | Weak Pulldown 
P2.6-P2.7 Weak Pullups 


HSOO-HSO3 | ~—_|_ Weak Pulldown 


BUSWIDTH 
READY 


BUS 
CONTROL 


RXD ADO -AD15 


EXTINT 
T2CLK 
T2RST 

HSI.0 = HSI.3 
NMI 

CDE 


80C196KA 


* MUST BE DRIVEN HIGH OR LOW 
270418-45 
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2081H 


CONFIG. 


CASE |, 
PHI 
CASE Il, 
PHI 
INTERNAL 
RESET 
ALE 

R 
BUS 


Figure 31. Reset Sequence 
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BYTE 


PHASES AND RESET 
SYNCHRONISED 
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80C196KA ARCHITECTURAL OVERVIEW 


After the reset sequence, the internal registers are at the 
following values: 


4.4 PROGRAM PROTECTION 
FEATURES 


Software protection 


Several features to assist in recovery from hardware 
and software errors are available on the 80C196KA. 
Protection is also provided against executing unimple- 
mented opcodes by making use of the unimplemented 
opcode interrupt. In addition, the hardware reset in- 
struction (RST) can be used in software to cause a reset 
if the program counter goes out of bounds. This in- 
struction has an opcode of OFFH, so if the processor 


reads in bus lines which have been pulled high it will 
reset itself. 


Clock Failure Detect 


A clock failure detection circuit is provided to recover 
from hardware problems. When triggered by too slow 
of a clock on XTALI, it pulls the RESET line low. The 
switch frequency is Vcc dependent. At a Vcc of 6 
volts, detection occurs at some point below 250KHz. 
When Vcc is at 4 volts, the detection point is below 
28KHz. This feature can be disabled by holding the 
CDE pin (Clock Detect Enable) at a low level. It 
should be disabled when using the Powerdown mode. 
CDE uses the same pin as Vpp on the 8096 since the 
Vpp pin function is not needed for the 80C196KA. 


Watchdog Timer 


The Watchdog Timer can be enabled to cause a hard- 
ware reset every 64K state times unless the timer is 
cleared periodically. The timer is started by writing the 
sequence “1Eh”, “Elh” to the Watchdog Register. 
Once started it can only be turned off by resetting the 
chip. To clear the watchdog the sequence “1Eh’’, 
“Elh” must be written to the register. 


When any of the protection methods are used to reset 
the chip, the external RESET line will be pulled low by 
an internal pulldown transistor. It will keep pulling the 
line down until the part resets itself. Writing to the 
watchdog timer will not turn the transistor off. The 
RESET line can also be used as an output to reset other 
circuitry. If a capacitor is used on the RESET line for 
reset timing, the line may never be pulled below 0.8 
volts. This could cause other external circuitry not to 
be reset. 


4.5 ONCET™ AND TEST MODES 


Test modes are entered on the 80C196KA by externally 
holding ALE, INST or RD in their active state while 
the RESET pin is taken high. By using combinations of 
pins different test modes can be selected. The only test 
mode which is not reserved for Intel use is ONCE. This 
mode is entered by driving ALE high and RD and 
INST low while RESET is taken high. 


ONCE is the ON-Circuit-Emulation mode. In this 


_mode all of the pins, except XTAL1 and XTAL2, are 


floated. Some of the pins are not truly high impedance 
as they have weak pullups or pulldowns. 
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80C196KA ARCHITECTURAL OVERVIEW _ 


5.0 DIFFERENCES BETWEEN THE 
80C196KA AND THE 8096BH 


5.1 CONVERTING FROM OTHER 
MCS®-96 PRODUCTS TO THE 
80C196KA 


The following list of suggestions for designing an 
8X9XBH system will yield a design that is easily con- 
verted to the 80C196KA. — 


1. Do not base critical timing loops on instruction or 
peripheral execution times. 


2. Use equate statements to set all timing parameters, 
including the baud rate. 


3. Do not base hardware dinitigs on CLKOUT or 
XTALI. The timings of the 80C196KA are different 
than those of the 8X9XBH, but they will function 
with standard ROM / EPROM / Peripheral type 
memory systems. 


4. Make sure all inputs are tied high or low and not left 
floating. 

5. On the 8X9XBH, the WRL/WR and WRH/BHE 
signals both go low for byte writes to odd addresses 
in eight bit write strobe mode. On the 80C196KA, 
only the WRH/BHE signal goes low for this type of 
operation. 


6. Indexed and indirect operations relative to the stack 
pointer (SP) work differently on the 80C196KA than 
on the 8096. On the 8096, the address is calculated 
based on the un-updated version of the stack pointer. 
The 80C196KA uses the updated version. The offset 
for PUSH[SP], POP[SP], PUSH nn[SP] and 
POP nn[SP] instructions may need to be changed by 
a count of 2. 


5.2 NEW FEATURE SUMMARY 


CPU FEATURES | 


Divide by 2 instead of divide by 3 clock for 1.5X per- 
formance 


‘Faster instructions, especially indexed/indirect data op- 


erations 


2.33 pSec 16X16 multiply with 12MHz clock (was 


6.25 pSec) 

Faster interrupt response (almost twice as fast) 
Different Reset Sequence 

Powerdown and Idle Modes 

Clock Failure Detect 


6 new instructions including Compare Long and Block 
Move 


8 new interrupt vectors 


PERIPHERAL FEATURES 


SFR Window switching allows read-only registers to be 


_ written and vice-versa 


Timer2 can count up and down by external selection 
Timer2 has an independent capture register 

HSO lines which transitioned are saved 

HSO lines can be written directly 

HSO has CAM Lock and CAM Clear commands 


A to D has a selectable sample and hold and speed 
control _ 


New Baud Rate values are needed for-serial port, high- 
er speeds possible in all modes 


Double buffered serial port transmit register 

Serial Port Receive Overrun and Framing Error Detec- 
tion 

PWM has a Divide-by-2 Prescaler 
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6.0 PACKAGES, PINOUTS, PIN DEFINITIONS 


PGA/ PGA/ : 
LCC LCC 


PGA/ 


Lcc PLCC 


PLCC Description PLCC Description Description 


1 
2 
3 
4 
5. 
6 
t 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


mM MN NM 
On — oO 


-—~NOF ADDN WO O 


ACH7/P0.7 
ACH6/P0.6 
ACH2/P0.2 
ACHO/P0.0 
ACH1/P0.1 
ACH3/P0.3 
NMI 

EA 

Vcc 

Vss 

XTAL1 
XTAL2 
CLKOUT 
BUSWIDTH 
INST 
ALE/ADV 
RD 
ADO/P3.0 
AD1/P3.1 
AD2/P3.2 
AD3/P3.3 
AD4/P3.4 
AD5/P3.5 


PGA packages will be available on future parts. 


AD6/P3.6 
AD7/P3.7 
AD8/P4.0 
AD9/P4.1 
AD10/P4.2 
AD11/P4.3 
AD12/P4.4 
AD13/P4.5 
AD14/P4.6 
AD15/P4.7 
T2CLK/P2.3 
READY 
T2RST/P2.4 
BHE/WRH 
WR/WRL 
PWM/P2.5 
P2.7/T2CAPTURE 
Vpp 

Vss 

HSO.3 
HSO.2 
P2.6/T2UP-DN 
P1.7 
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P1.6 

P1.5 

HSO.1 
HSO.0 
HSO.5/HSI.3 
HSO.4/HSI.2 
HSI.1 

HSI.0 

P1.4 

Py.3 

P1.2 


PIA 


P1.0 

TXD/P2.0 
RXD/P2.1/PALE 
RESET 
EXTINT/P2.2 
CDE 

VREF 

ANGND 
ACH4/P0.4 
ACHS5/P0.5 
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Pins Facing Down 


123 45 6 7 & 9 1011 1213 44.15.16.47 
12 15-13-11.-9. -7--5.. Fd 


18.19 16.14. 12 10 8B 6, 4.2.68 
20 21 pelo 67 66 
22 23 68 PIN 65 64 
24 25 GRID ARRAY 63 62 
20-27 61 60 
2828 oop St oy 22 8 
ou. 34 COMPONENT SIDE 27. 36 
32 33 OF PC BOARD 55 54 
34 36 38 40 42 44 46 48 50 53 52 
35.02. 59, 41.43, 45.47 49:5) 
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Mcs”=96 


68 PIN 
LEADLESS CHIP CARRIER 
tee oe 


TOP VIEW 
LOOKING DOWN ON 
COMPONENT SIDE 
OF PC BOARD © 


51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 
270418-44 


5 Toler WS OR es ag 

So 0.9.0; D2 = > 
a ‘6. © @! a6 ra a 
2 tk ee Pe ee ge = ae <q 
FEST erR 322248+3D 
oO0600080 & SBEEAB 2 dle 
qatiqaidgcit<¢«zZz >> x Om 42 ale 
SRERERERERERE ERERER ERE ERIE 

SF 6.5 4. 3 1 


~ [DOEA 


© 
a 
co 
fo.) 
| 
o 
o 
a 
Oo 
fo) 
rs 
ro) 
w 
o 
Ns) 
fo.) 


ACHS/PO.5 CJ 10 60 {CJ ADO/P3.0 
ACH4/P0.4 Cy 11 5917) AD1/P3.1 


ANGND CJ 12 58 (2) AD2/P3.2 
Vore Bats ®) 57[ AD3/P3.3 

CDEC] 14 MCS =96 56[0) AD4/P3.4 
EXTINT/P2.2 CJ 15 68 PIN 5512 ADS /P3.5 


16 PLCC 54[0) AD6/P3.6 

RXD/P2.1 C4 17 530 AD7/P3.7 

TXD/P2.0 C4 18 520) AD8/P4.0 
P1.0C] 19 5110 AD9/P4.1 
P1.1 20 TOP VIEW 50 [0 AD10/P4.2 
P1.2 C3 21 LOOKING DOWN ON 49 (7) AD11/P4.3 


RESET LL 


P1.34 22 COMPONENT SIDE 481) AD12/P4.4 
P1.4] 23 AD13/P4.5 
HsIo OF PC BOARD AD14/P4.6 
Hs] | AD15/P4.7 
HSI2/HS04 CJ T2CLK/P2.3 
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PIN DESCRIPTIONS 


Name and Function 
Main supply voltage (5V). 
Digital circuit ground (OV). There are two Vss pins, both of which must be connected. 


Clock Detect Enable - When pulled high enables the clock failure detection circuit. If the 
XTAL1 frequency falls below a specified limit the RESET pin will be pulled low. This pin was 
the Vpp pin on the 8096. 


Reference voltage for the A/D converter (5V). Vrer is also the supply voltage to the analog 
portion of the A/D converter and the logic used to read Port 0. Must be connected for A/D 
and Port 0 to function. 


Voc 
Vss 


CDE 


VREF 


ANGND Reference ground for the A/D converter. Must be held at nominally the same potential as 
Vss. 


Timing pin for the return from powerdown circuit. Connect this pin with a 1 F capacitor to 


Vss and a1 mf. resistor to Vcc. If this function is not used Vpp may be tied to Vcc. This pin 
was Vpp on the 8X9X-90 parts and will be programming voltage on future EPROM parts. 


XTAL1 Input of the oscillator inverter and of the internal clock generator. 
XTAL2 Output of the oscillator inverter. 


CLKOUT Output of the internal clock generator. The frequency of CLKOUT is 1% the oscillator 
frequency. It has a 50% duty cycle. 


vU 
me) 


Reset input to the chip. Input low for at least 4 state times to reset the chip. The subsequent 
low-to-high transition re- synchronizes CLKOUT and commences a 10-state-time sequence in 
which the PSW is cleared, a byte read from 2018H loads CCR, and a jump to locations 2080H 
is executed. Input high for normal operation. RESET has an internal pullup. 


BUSWIDTH | Input for buswidth selection. If CCR bit 1 is a one, this pin selects the bus width for the bus 
cycle in progress. If BUSWIDTH is a 1, a 16-bit bus cycle occurs. If BUSWIDTH is a 0 an 8-bit 
cycle occurs. If CCR bit 1 is a 0, the bus is always an 8-bit bus. This pin is the TEST pin on 


8X9X-90 parts. Systems with TEST tied to Vcc do not need to change. 


A positive transition causes a vector through 203EH. 


Output high during an external memory read indicates the read is an instruction fetch. INST is 
valid throughout the bus cycle. INST is activated only during external memory accesses. 


WM 
i 


m 
> 


Input for memory select (External Access). EA equal to a TTL-high causes memory accesses 
to locations 2000H through 3FFFH to be directed to on-chip ROM/EPROM. EA equal to a 
TTL-low causes accesses to these locations to be directed to off-chip memory. 


> 
= 
m 
a 
> 
0 
< 


Address Latch Enable or Address Valid output, as selected by CCR. Both pin options provide 
a latch to demultiplex the address from the address/data bus. When the pin is ADV, it goes 
inactive high at the end of the bus cycle. ADV can be used as a chip select for external 
memory. ALE/ADV is activated only during external memory accesses. 


Read signal output to external memory. RD is activated only during external memory reads. 


Write and Write Low output to external memory, as selected by the CCR. WR will go low for 
every external write, while WRL will go low only for external writes where an even byte is 
being written. WR/WRL is activated only during external memory writes. 
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Name and Function 


Bus High Enable or Write High output to external memory, as selected by the CCR. BHE =0 
selects the bank of memory that is connected to the high byte of the data bus. AO = 0 
selects the bank of memory that is connected to the low byte of the data bus. Thus accesses. 
to a 16-bit wide memory can be to the low byte only (AO = 0, BHE = 1), to the high byte only 
(AO = 1, BHE = 0), or both bytes (AO = 0, BHE = 0). If the WRH function is selected, the 
pin will go low if the bus cycle is writing to an odd memory location. BHE/WRH is valid only 
during 16-bit external memory write cycles. 


Ready input to lengthen external memory cycles, for interfacing to slow or dynamic memory, 
or for bus sharing. If the pin is high, CPU operation continues in a normal manner. If the pin is 
low prior to the falling edge of CLKOUT, the memory controller goes into a wait mode until the 
next positive transition in CLKOUT occurs with READY high. When the external memory is 
not being used, READY has no effect. Internal control of the number of wait states inserted, 
into a bus cycle held not ready is available through configuration of CCR. 


Inputs to High Speed Input Unit. Four HSI pins are available: HSI.0, HSI.1, HSI.2, and HSI.3. 
Two of them (HSI.2 and HSI.3) are shared with the HSO Unit. The HSI pins are also used as 
inputs by future EPROM parts in Programming Mode. 


Outputs from High Speed Output Unit. Six HSO pins are available: HSO.0, HSO.1, HSO.2, 
HSO.3, HSO.4, and HSO.5. Two of them (HSO.4 and HSO.5) are shared with the HSI Unit. 


8-bit high impedance input-only port. These pins can be used as digital inputs and/or as 
analog inputs to the on-chip A/D converter. These pins are also a mode input to future 
EPROM parts in the Programming Mode. 


8-bit quasi-bidirectional I/O port. 
8-bit multi-functional port. All of its pins are shared with other functions in the 80C196KA. 


Ports 3 and 4 | 8-bit bi-directional |/O ports with open drain outputs. These pins are shared with the 
multiplexed address/data bus which has strong internal pullups. Available only on future 
ROM and EPROM parts. 
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ADVANCE INFORMATION 


MCS®-96 
809XBH, 839XBH, 879XBH 
ADVANCED 16-BIT MICROCONTROLLER 
WITH 8- OR 16-BIT EXTERNAL BUS 


= 879XBH: an 809XBH with 8K Bytes of On-Chip EPROM 
# 839XBH: an 809XBH with 8K Bytes of On-Chip ROM 


232 Byte Register File m High Speed I/O Subsystem 
Register-to-Register Architecture m Full Duplex Serial Port 

10-Bit A/D Converter with S/H m Dedicated Baud Rate Generator 
Five 8-Bit 1/O Ports m 6.25 us 16 x 16 Multiply 

20 Interrupt Sources m 6.25 ws 32/16 Divide 
Pulse-Width Modulated Output m@ 16-Bit Watchdog Timer 
ROM/EPROM Lock m@ Four 16-Bit Software Timers 
Run-Time Programmable EPROM m@ Two 16-Bit Counter/Timers 


The MCS®-96 family of 16-bit microcontrollers consists of many members, all of which are designed for high- 
speed control functions. The MCS-96 family members produced using Intel’s HMOS-III process are described 
in this data sheet. 


The CPU supports bit, byte, and word operations. Thirty-two bit double-words are supported for a subset of the 
instruction set. With a 12 MHz input frequency the 8096BH can do a 16-bit addition in 1.0 ws and a 16 x 16-bit 
multiply or 32/16 divide in 6.25 ys. Instruction execution times average 1 to 2 us in typical applications. 


Four high-speed trigger inputs are provided to record the times at which external events occur. Six high-speed 
pulse generator outputs are provided to trigger external events at preset times. The high-speed output unit can 
simultaneously perform software timer functions. Up to four 16-bit software timers can be in operation at once. 


The on-chip A/D converter includes a Sample and Hold, and converts up to 8 multiplexed analog input 
channels to 10-bit digital values. With a 12 MHz crystal, each conversion takes 22 ps. This feature is only 
available on the 8X95BHs and 8X97BHs, with the 8X95BHs having 4 multiplexed analog inputs. 


Also provided on-chip are a serial port, a Watchdog Timer, and a pulse-width modulated output signal. 
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Figure 1. MCS®-96 Block Diagram 
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8X9XBH 


ADVANCE INFORMATION 


FUNCTIONAL OVERVIEW 


The following section is an overview of the 8X9XBH 
devices, generally referred to as the 8096BH. Addi- 
tional information is available in the Embedded Con- 
troller Handbook, order number 210918. 


CPU Architecture 


The 8096BH uses the same address space for both 
program and data memory, except in the address 
range from OOH through OFFH. Data fetches in this 
range are always to the Register File, while instruc- 
tion fetches from these locations are directed to ex- 
ternal memory. (Locations OOH through OFFH in ex- 
ternal memory are reserved for Intel development 
systems). 


Within the Register File, locations OOH through 17H 
are register mapped I/O control registers, also re- 
ferred to as Special Function Registers (SFRs). The 
rest of the Register File (018H through OFFH) con- 
tains 232 bytes of RAM, which can be referenced as 
bytes, words, or double-words. This register space 
allows the user to keep the most frequently-used 
variables in on-chip RAM, which can be accessed 
faster than external memory. Locations OFOH 
through OFFH can be preserved during power down 
via a separate power down pin (Vpp). 


Outside of the Register File, program memory, data 
memory, and peripherals can be intermixed. The ad- 
dresses with special significance are: 


Register Mapped I/O (SFRs) 
Stack Pointer 

Ports 3 and 4 

Interrupt Vectors 

Reserved 

Chip Configuration Byte 


Reserved 

“Jump to Self’? Opcode (27 FE) 
Reserved 

Security Key 

Reserved 

Reset Location 


The 839XBH carries 8K bytes of ROM, while the 
879XBH has 8K bytes of EPROM. With ROM and 


EPROM parts, the internal program memory occu- 
pies addresses 2000H through 3FFFH. Instruction or 


data fetches from these addresses access the on- 


chip memory if the EA pin is externally held at 5V. If 
the EA pin is at OV, these addresses access off-chip 
memory. On the 879XBH parts, holding EA at 
+ 12.75V puts the part in Programming Mode, which 
is described in the EPROM Characteristics Section 
of this data sheet. 


A memory map for the MCS-96 product family is 
shown in Figure 2. 


The RALU (Register/ALU) section consists of a 17- 
bit ALU, the Program Status Word, the Program 
Counter, and several temporary registers. A key fea- 
ture of the 8096BH is that it does not use an accu- 
mulator. Rather, it operates directly on any register 
in the Register File. Being able to operate directly on 
data in the Register File without having to move it 
into and out of an accumulator results in a significant 
improvement in execution speed. 


In addition to the normal arithmetic and logical func- 
tions, the MCS-96 instruction set provides the fol- 
lowing special features: 


6.25 ws Multiply and Divide 
Multiple Shift Instruction 

3 Operand Instructions 
Normalize Instruction 
Software Reset Instruction 


All operations on the 8096BH take place in a set 
number of ‘‘State Times.” The 8096BH uses a three 
phase internal clock, so each state time is 3 oscilla- 
tor periods. With a 12 MHz clock, each state time 
requires 0.25 ws, based on a Tog¢ of 83 ns. 


Operating Modes 


The 8096BH supports a variety of options to simplify 
memory systems, interfacing requirements and 
ready control. Bus flexibility is provided by allowing 
selection of bus control signal definitions and run- 
time selection of the external bus width. In addition, 
several ready control modes are available to simplify 
the external hardware requirements for accessing 
slow devices. The Chip Configuration Register is 
used to store the operating mode information. 
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INTERNAL PROGRAM 
STORAGE ROM/EPROM 
OR . 
EXTERNAL MEMORY 
2080H 


RESERVED 2030H = 207FH 
2020H = 202FH 
201CH = 201FH 
201AH = 201BH 
2019H 

2018H 

2012H = 2017H 


TIMER2 (LO) RESERVED 


TIMER1 (LO) 
INT_PENDING 
SBUF (0 
HSI_STATUS 
HSI_TIME (HI) 
HSI_TIME (LO) 
AD_RESULT (HI) | HSLMODE 
AD_RESULT (LO) 
ICD 
r0 (0) 


(WHEN READ) (WHEN WRITTEN) 


- Oo 


TIMER1 (HI) a 


EXTERNAL MEMORY 
OR 1/0 


INTERNAL RAM 
REGISTER FILE 
STACK POINTER 
SPECIAL FUNCTION REGISTERS 
(WHEN ACCESSED AS DATA MEMORY) 
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Figure 2. Memory Map 
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CHIP CONFIGURATION REGISTER (CCR) 


Configuration information is stored in the Chip Con- 
figuration Register (CCR). Four of the bits in the reg- 
ister specify the bus control mode and ready control 
mode. Two bits also govern the level of 
ROM/EPROM protection and one bit is NANDed 
with the BUSWIDTH pin every bus cycle to deter- 
mine the bus size. The CCR bit map is shown in 
Figure 3, and the functions associated with each bit 
are described later. 


71615] 4]3]2| 1] 0]CHIP CONFIGURATION REGISTER 


RESERVED (Set to 1 for 
compatibility with future 
parts) 
BUS WIDTH SELECT 
(16=-BiT BUS /8=BIT BUS) 
WRITE STROBE MODE SELECT 
(WR AND BHE /WRL AND WRH) 


ADDRESS VALID STROBE SELECT 
(ALE / ADV) 


(IRCO) os READY 


(IRC1) CONTROL MODE 


(LOCO) | pRoGRAM LOCK 
(Loc1) | MODE 
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Figure 3. Chip Configuration Register 


The CCR is loaded on reset with the Chip Configura- 
tion Byte, located at address 2018H. The CCR regis- 
ter is a non-memory mapped location that can only 
be written to during the reset sequence; once it is 
loaded it cannot be changed until the next reset oc- 
curs. The 8096BH will correctly read this location in 
every bus mode. 


In order to work properly with an 8-bit only system, it 
is necessary to hold the upper address byte on the 
address bus throughout the CCB read cycle since an 
address latch may not be present. However, in a 16- 
bit system, the 8X9XBH must float the high half of 
the bus to avoid contention with the high data byte 
during the CCB read. To accomplish a correct read 


on either 8- or 16-bit buses, the upper address lines _ 


are current sensed (during CCB read only) and will 
be floated if a current of approximately 1 mA or more 
is detected, indicating a bus contention. 


If the EA pin is set to a logical 0, the access to 
2018H comes from external memory. If EA is a logi- 
cal 1, the access comes from _ internal 
ROM/EPROM. If EA is + 12.5V, the CCR is loaded 
with a byte from a separate non-memory-mapped 
location called PCCB (Programming CCB). The Pro- 
gramming Mode is described in the EPROM Charac- 
teristics Section. 
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BUS WIDTH 


The 8096BH external bus width can be run-time 
configured to operate as a standard 16-bit multi- 
plexed address/data bus, or as an 8088 minimum 
mode type 16-bit address/ 8-bit data bus. 


During 16-bit bus cycles, Ports 3 and 4 contain the 
address multiplexed with data using ALE to latch the 
address. In 8-bit bus cycles, Port 3 is multiplexed 
address/data while Port 4 is address bits 8 through 
15. The address bits on Port 4 are valid throughout 
an 8-bit bus cycle. Figure 4 shows the two options. 


The bus width can be changed each bus cycle and 
is controlled using bit 1 of the CCR with the BUS- 
WIDTH pin. If either CCR.1 or BUSWIDTH is. a 0, 
external accesses will be over a 16-bit address/8-bit 
data bus. If both CCR.1 and BUSWIDTH are 1s, ex- 
ternal accesses will be over a 16-bit address/16-bit 
data bus. Internal accesses are always 16-bits wide. 


The bus width can be changed every external bus 
cycle if a 1 was loaded into CCR bit 1 at reset. If this 
is the case, changing the value of the BUSWIDTH 
pin at run-time will dynamically select the bus width. 
For example, the user could feed the INST line into 
the BUSWIDTH pin, thus causing instruction access- 
es to be word wide from EPROMs while data ac- 
cesses are byte wide to and from RAMs. A second 
example would be to place an inverted version of 
address bit 15 on the BUSWIDTH pin. This would 
make half of external memory word wide, while half 
is byte wide. , 


Since BUSWIDTH is sampled after address decod- 
ing has had time to occur, even more complex 
memory maps could be constructed. See the timing 
specifications for an exact description of BUS- 
WIDTH timings. The bus width will be determined by 
bit 1 of the CCR alone on 48-pin parts since they do 
not have a BUSWIDTH pin. 


When using an 8-bit bus, some performance degra- 
dation is to be expected. On the 8096BH, instruction 
execution times with an 8-bit bus will slow down if 
any of three conditions occur. First, word writes to 
external memory will cause the executing instruction 
to take two extra state times to complete. Second, 
word reads from external memory will cause a one 
state time extension of instruction execution time. 
Finally, if the prefetch queue is empty when an in- 
struction fetch is requested, instruction execution is 
lengthened by one state time for each byte that 
must be externally acquired (worst case is the num- 
ber of bytes in the instruction minus one). - 


BUS CONTROL 


| BUS CONTROL 


8X9XBH 8X9XBH 


8=BIT 
LATCHED 
ADDRESS HIGH 


16=BIT 
. MULTIPLEXED 
ADDRESS/DATA 


8=BIT 
MULTIPLEXED 
ADDRESS LOW/DATA 
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16-Bit Bus 8-Bit Bus 


Figure 4. Bus Width Options 


BUS CONTROL 


The 8096BH can be made to provide bus control signals of several types. Three control lines have dual 
functions designed to reduce external hardware. Bits 2 and 3 of the CCR specify the functions performed by 
these control lines. 


Standard Bus Control 


If CCR bits 2 and 3 are 1s, then the standard 8096BH control signals WR, BHE and ALE are provided (Figure 
5). WR will come out for every write. BHE will be valid throughout the bus cycle and can be combined with WR 
and address line 0 to form WRL and WRH. ALE will rise as the address starts to come out, and will fall to 
provide the signal to externally latch the address. 


ADDR LOW DATA OUT 


ADDR DATA OUT AD8 -15 ADDRESS HIGH 


270090-10 : 270090-11 
16-Bit Bus Cycle 8-Bit Bus Cycle 


Figure 5. Standard Bus Control 
21-5 
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The Write Strobe Mode eliminates the necessity to externally decode for odd or even byte writes. I If CCR bit 2 
is a 0, and the bus is in a 16-bit cycle, WRL and WRH signals are provided in place of WR and BHE (Figure 6). 
WRL will go low for all byte writes to an even address and all word writes. WRH will go low for all byte writes to 
an odd address and all word writes. 


In an 8-bit bus cycle WRL will go active for all writes. 


ADO -7 ADDR LOW DATA OUT 


ADDR DATA OUT AD8 -15 ADDRESS HIGH 


270090-12 | 270090-13 
16-Bit Bus Cycle 8-Bit Bus Cycle 


Figure 6. Write Strobe Mode 
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Address Valid Strobe Mode 


lf CCR bit 3 is a 0, then an Address Valid Strobe is provided in the place of ALE (Figure 7). When the Address 
Valid Mode is selected, ADV will go low after an external address is set up. It will stay low until the end of the 
bus cycle, where it will go inactive high: This can be used to provide a chip select for external memory. 


ADDR LOW] DATA OUT 


ADO -15 ADDR DATA OUT , AD8 -15 ADDRESS OUT HIGH 


270090-14 270090-15 
16-Bit Bus Cycle 8-Bit Bus Cycle 


- Figure 7. Address Valid Strobe Mode 


Address Valid with Write Strobe 


lf both CCR bits 2 and 3 are Os, both the Address Valid Strobe and the Write Strobes will be provided for bus 
control. Figure 8 shows these signals. 


WRH [vane] ADO -7 ADDR LOW DATA OUT 
ADO -15 ADDR DATA OUT ; AD8 -15 ADDRESS HIGH 


270090-16 270090-17 
16-Bit Bus Cycle | 8-Bit Bus Cycle 


Figure 8. Write Strobe with Address Valid Strobe 
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READY CONTROL 


To simplify ready control, four modes of. internal 
ready control logic have been provided. The modes 
are chosen by properly configuring bits 4 and 5 of 
the CCR. 7 


The internal ready control logic can be used to limit 
the number of wait states that slow devices can in- 
sert into the bus cycle. When the READY pin is 
pulled low, wait states will be inserted into the bus 
cycle until the READY pin goes high, or the number 
of wait states equals the number specified by CCR 
bits 4 and 5, whichever comes first. Table 1 shows 
the number of wait states that can be selected. In- 
ternal ready control can be disabled by loading 11 
into bits 4 and 5 of the CCR. 


Table 1. Internal Ready Control 


IRC1 IRCO 


Description 


Limit to 1 Wait State 

Limit to 2 Wait States 

Limit to 3 Wait States 

Disable Internal Ready Control 


This feature provides for simple ready control. For 
example, every slow memory chip select line could 
be ORed together and be connected to the READY 
pin with CCR bits 4 and 5 programmed to give the 
proper number of wait states to the slow devices. 


ROM/EPROM LOCK 


Four modes of program memory lock are available 
on the 839XBH and 879XBH parts. CCR bits 6 and 7 
(LOCO, LOC1) select whether internal program 
memory can be read (or written in EPROM parts) by 
a program executing from external memory. The 
modes are shown in Table 2. Internal ROM/EPROM 
addresses 2020H through 3FFFH are protected 
from reads while 2000H through 3FFFH are protect- 
ed from writes, as set by the CCR. 


Table 2. Program Lock Modes 


LOC1 LOCO 


Protection 
Read and Write Protected 


Read Protected 
Write Protected 
No Protection 


3 


Only code executing from internal memory can read 
protected internal memory, while a write protected 
memory can not be written to, even from internal 


-execution. As a result of B096BH prefetching of in- 
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structions, however, accesses to protected memory 
are not allowed for instructions located above 
3FFAH. Note that the interrupt vectors and the CCR 
are not protected. | 


To provide ROM/EPROM lock while allowing verifi- 
cation and testing, the 839XBH and 879XBH require 
security key verification before programming or test 
modes are allowed to read protected memory. More 
information on ROM/EPROM Lock can be found in 
the EPROM Characteristics section. 


High Speed 1/0 Unit (HSIO) 


The HSIO unit consists of the High Speed Input Unit 
(HSI), the High Speed Output Unit (HSO), one coun- 
ter and one timer. “High Speed” denotes that the 
units can perform functions related to the timers 
without CPU intervention. The HSI records times 
when events occur and the HSO triggers events at 
pre-programmed times. 


All actions within the HSIO unit are synchronized to 
the timers. The two 16-bit timer/counter registers in 
the HSIO unit are cleared on chip reset and can be 
programmed to generate an interrupt on overflow. 
The Timer 1 register is automatically incremented 
every 8 state times (every 2.0 us, with a 12 MHz 
clock). The Timer 2 register can be programmed to 
count transitions on either the T2CLK pin or HSI.1 
pin. It is incremented on both positive and negative 
edges of the selected input line. In addition to being 
cleared by reset, Timer 2 can also be cleared in soft- 
ware or by signals from input pins T2RST or HSI.0. 
Neither of these timers is required for either the 
Watchdog Timer or the serial port. 


The High Speed Input (HSI) unit can detect tran- 
sitions on any of its 4 input lines. When one occurs it 
records the time (from Timer 1) and which input lines 
made. the transition. This information is recorded 
with 2 ws (12 MHz system) resolution and stored in 
an 8-level FIFO. The unit can be programmed to 
look for four types of events, as shown in Figure 9. It 
can activate the HSI Data Available interrupt either 
when the Holding Register is loaded or the 6th FIFO 
entry has been made. Each input line can be individ- 
ually enabled or disabled to the HSI unit by software. 


us es 
Fe =S> 


HSI Trigger Options 


HI TO LO 
4 
| LO TO HI 


PORT BUFFERS 
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Figure 9. High Speed Input Unit 


The High Speed Output (HSO) unit is shown in Fig- 
ure 10. It can be programmed to set or clear any of 
its 6 output lines, reset Timer 2, trigger an A/D con- 
version, or set one of 4 Software Timer flags at a 
programmed time. An interrupt can be enabled for 
any of these events. Either Timer 1 or Timer 2 can 
be referenced for the programmed time value and 
up to 8 commands for preset actions can be stored 


CAM 
CONTROL 
LOGIC 


HOLDING REGISTER 


HSO_COMMAND HSO_TIME 


CAM 
pet ED atl 
6 


HSO_STATUS 


1OSI (16H 


TIMER FLAGS 


HSO 
COMMAND 
DECODER 


HSO PORT BUFFERS 


PORT PINS 


in the CAM (Content Addressable Memory) file at 
any one time. As each action is carried out at its 
preset time that command is removed from the CAM 
making space for another command. HSO.4 and 
HSO.5 are shared with the HSI unit as HSI.2 and 
HSI.3, and.can be individually enabled or disabled as 
outputs. 


8 STATE TIME 
INCREMENT 


‘i T2CLK 
TIMER 1 hi be oho 
T2RST 
COMPARATOR 


High Speed Output Controls 
6 Pins 
4 Software Timers 
2 Interrupts 
Initiate A/D Conversion 
Reset Timer 2 
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Figure 10. High Speed Output Unit 


Standard I/O Ports 


There are 5 8-bit I/O ports on the 8096BH in addi- 
tion to the High Speed I/O lines. 


Port 0 is an input-only port which shares its pins with 
the analog inputs to the A/D converter. The port can 
be read digitally and/or, by writing to the A/D Com- 
mand Register, one of the lines can be selected as 
the input to the A/D converter. Port 0 is also used to 
input mode information on EPROM parts operating 
in the Programming Mode. | 


Port 1 is a quasi-bidirectional |/O port. ‘‘Quasi-bidi- 
rectional” means the port pin has a weak internal 
pullup that is always active and an internal pulldown 
which can either be on (to output a 0) or off (to out- 
put a 1). This configuration allows the pin to be used 
as either an input or an output without using a data 
direction register. In parallel with the weak internal 
pullup is a much stronger internal pullup that is acti- 
vated for one state time when the pin is internally 
driven from 0 to 1. This is done to speed up the 0-to- 
1 transition time. 


Port 2 is a multi-functional port. Two of the pins 
(P2.6, 2.7) are quasi-bidirectional while the remain- 
ing six are shared with other functions in the 
8096BH, as shown in Table 3. Port 2 is also used for 
control signals by EPROM parts operating in the 
Programming Mode. 


Table 3. Port 2 Pin Functions 


[Port | Function | Alternate Function 


TXD (Serial Port Transmit) 
RXD (Serial Port Receive) 


EXTINT (External Interrupt) 
T2CLK (Timer 2 Clock) 

T2RST (Timer 2 Reset) 

PWM (Pulse Width Modulation) 


Ports 3 and 4 are bi-directional I/O ports with open 
drain outputs. These pins are also used as the multi- 
plexed address/data bus when accessing external 
memory, in which case they have strong internal 
pullups. The internal pullups are only used during 
external memory read or write cycles when the pins 
are outputting address or data bits. At any other 
time, the internal pullups are disabled. When used 
as a system bus, Ports 3 and 4 can be configured to 
be either a multiplexed 16-bit address/data bus or a 
multiplexed 16-bit address/ 8-bit data bus. EPROM 
parts also use Ports 3 and 4 to pass programming 
commands, addresses, data and status. 
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Serial Port 


The serial port is compatible with the MCS-51 family, 
(8051, 8031 etc.), serial port. It is full duplex, and 
double-buffered on receive. There are 3 asynchro- 
nous modes and 1 synchronous mode of operation 
for the serial port. The asynchronous modes allow 
for 8 or 9 bits of data with even parity optionally 
inserted for one of the data bits. Selective interrupts 
based on the 9th data bit are available to support 
interprocessor communication. 


Baud rates in all modes are determined by an inde- 
pendent 16-bit on-chip baud rate generator. Either 
the XTAL1 pin or the T2CLK pin can be used as the 
input to the baud rate generator. The maximum baud 
rate in the asynchronous mode is 187.5 KBaud. The 
maximum baud rate in the synchronous mode is 1.5 
MBaud. 


Pulse Width Modulator (PWM) 


The PWM output shares a pin with port bit P2.5. 
When the PWM output is selected, this pin outputs a 
pulse train having a fixed period of 256 state times, 
and a programmable width of 0 to 255 state times. 
The width is programmed by loading the desired 
value, in state times, to the PWM Control Register. 


A/D Converter with Sample and Hold 


The analog-to-digital converter is a 10-bit, succes- 
sive approximation converter with internal sample 
and hold. It has a fixed conversion time of 88 state 
times which includes the 4 state acquisition time of 
the internal Sample/Hold. With a 12 MHz clock, the 
conversion takes 22 ys, including the 1 ws sample 
for the Sample and Hold. The Sample acquisition 
begins 4 state times after the conversion is trig- 
gered. A 2 pF capacitance is charged from the input 
signal during acquisition. 


The analog input must be in the range of 0 to Vrer 


(nominally, VRer = 5V). This input can be selected 
from 8 analog input lines, which connect to the same 
pins as Port 0. A conversion can be initiated either 
by setting a control bit in the A/D Command register, 
or by programming the HSO unit to trigger the con- 
version at some specified time. 


Interrupts 


The 8096BH has 20 interrupt sources which vector 
through 8 interrupt vectors. A 0-to-1 transition from 
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any of the sources sets a corresponding bit in the 
Interrupt Pending register. The content of the Inter- 
rupt-Mask register determines if a pending interrupt 
will be serviced or not. If it is to be serviced, the CPU 
pushes the current Program Counter onto the stack 
and reloads it with the vector corresponding to the 
desired interrupt. The interrupt vectors are located in 
addresses 2000H through 2011H, as shown in Fig- 
ure 11. 


| Vector Location Location 
Meter, (High | (Low 
Byte) | Byte) 


Software 2010H | Not Applicable 
Extint 7 (Highest) 
Serial Port 
Software 
Timers 
HSI1.0 
High Speed 
Outputs 
HSI Data 
Available 
A/D Conversion} 2003H 
Complete 
Timer Overflow | 2001H 


0 (Lowest) 
Figure 11. Interrupt Vectors 


At the end of the interrupt routine the RET instruc- 
tion pops the program counter from the stack and 
execution continues where it left off. It is not neces- 
sary to store and replace registers during interrupt 


routines as each routine can be set up to use a dif- 
ferent section of the Register File. This feature of 
the architecture provides for very fast context 
switching. While the 8096BH has a single priority 
level in the sense that any interrupt may itself be 
interrupted, a priority structure exists for resolving 
simultaneously pending interrupts, as indicated in 
Figure 11. Since the interrupt pending and interrupt 
mask registers can be manipulated in software, it is 
possible to dynamically alter the interrupt priorities to 
suit the users software. 


Watchdog Timer 


The Watchdog Timer is a 16-bit counter which, once 
started, is incremented every state time. If not 
cleared before it overflows, the RESET pin will be 
pulled down for two state times, causing the system 
to be reinitialized. In a 12 MHz system, the Watch- 
dog Timer overflows after 16 ms. 


This feature is provided as a means of graceful re- 
covery from a software upset. The counter must be 
cleared by the software before it overflows, or else 
the system assumes an upset has occurred and acti- 
vates RESET. Once the Watchdog Timer is started it 
cannot be turned off by software. The flip-flop which 
enables the Watchdog Timer has been designed to 
maintain its state through Vcc glitches to as low as 
OV or as high as 7V for 1 ws to 1 ms. 


To start the Watchdog Timer, or to clear it, one 
writes 1EH followed by 0E1H to the WDT address 
(OOOAH). The Watchdog cannot be stopped once it 
is started unless the system is reset. 
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PACKAGING 


The 8096BH is available in 48-pin and 68-pin packages, with and without A/D, and with and without on-chip 
ROM or EPROM. The MCS-96 numbering system is shown in Figure 12. Figures 13-17 show the pinouts for 
the 48- and 68-pin packages. The 48-pin version is offered in a Dual-In-Line package while the 68-pin versions 
come in a Plastic Leaded Chip Carrier (PLCC), a Pin Grid Array (PGA) or a Type “B” Leadless Chip Carrier. 


Without A/D With A/D 
48 Pi C8095CH - Ceramic DIP 
" P8095BH - Plastic DIP 
ROMless 68 Pin A8096BH - Ceramic PGA A8097BH - Ceramic PGA 
, N8096BH - PLCC N8097BH - PLCC 
48 Pin C8395BH - Ceramic DIP 
P8395BH - Plastic DIP 


Mei en eee eee OF 


68 Pin A8796BH - Ceramic PGA A8797BH - Ceramic PGA 
R8796BH - Ceramic LCC R8797BH - Ceramic LCC 


Figure 12. The MCS-96® Family Nomenclature 


68 Pin A8396BH - Ceramic PGA A8397BH - Ceramic PGA 
N8396BH - PLCC N8397BH - PLCC 


PGA/ PGA/ ; | PGA/ 
Lec PLCC Description Lec PLCC Description Lec PLCC Description 
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PIN DESCRIPTIONS 


Name and Function 
Voc Main supply voltage (5V). 
Vss Digital circuit ground (OV). There are two Vss pins, both of which must be connected. 


RAM standby supply voltage (5V). This voltage must be present during normal operation. In a Power 
Down condition (i.e. Voc drops to zero), if RESET is activated before Vcc drops below spec and Vpp 
continues to be held within spec., the top 16 bytes in the Register File will retain their contents. RESET 
must be held low during the Power Down and should not be brought high until Vcc is within spec and 
the oscillator has stabilized. 


VREF Reference voltage for the A/D converter (5V). Vref is also the supply voltage to the analog portion of 
the A/D converter and the logic used to read Port 0. Must be connected for A/D and Port 0 to function. 


ANGND Reference ground for the A/D converter. Must be held at nominally the same potential as Vss. 


Programming voltage for the EPROM parts. It should be + 12.75V for programming. This pin is Vag on 
8X9X-90 parts. Systems that have this pin connected to ANGND through a capacitance (required on 
8X9X-90 parts) do not need to change. Otherwise, tie to Vcc. 


XTAL1 Input of the oscillator inverter and of the internal clock generator. 


XTAL2 Output of the oscillator inverter. 


CLKOUT Output of the internal clock generator. The frequency of CLKOUT is 13 the oscillator frequency. It has a 
33% duty cycle. 


Reset input to the chip. Input low for at least 2 state times to reset the chip. The subsequent low-to-high 
transition re-synchronizes CLKOUT and commences a 10-state-time sequence in which the PSW is 
cleared, a byte read from 2018H loads CCR, and a jump to location 2080H is executed. Input high for 
normal operation. RESET has an internal pullup. 


pp 


7° 
Oo 


BUSWIDTH Input for bus width selection. If CCR bit 1 is a one, this pin selects the bus width for the bus cycle in 
progress. If BUSWIDTH is a 1, a 16-bit bus cycle occurs. If BUSWIDTH is a 0 an 8-bit cycle occurs. If 
CCR bit 1 is a 0, the bus is always an 8-bit bus. This pin is the TEST pin on 8X9X-90 parts. Systems with 


TEST tied to Vcc do not need to change. If this pin is left unconnected, it will rise to Voc. 


A positive transition causes a vector to external memory location OOOOH. External memory from 00H 
through OF FH is reserved for Intel development systems. 


Output high during an external memory read indicates the read is an instruction fetch. INST is valid 
throughout the bus cycle. INST is activated only during external memory accesses. 


Input for memory select (External Access). EA equal to a TTL-high causes memory accesses to 
locations 2000H through 3FFFH to be directed to on-chip ROM/EPROM. EA equal to a TTL-low causes 
accesses to these locations to be directed to off-chip memory. EA = +12.5V causes execution to 
begin in the Programming Mode. EA has an internal pulldown, so it goes to 0 unless driven otherwise. 
EA is latched at reset. 


-4 


ADV 


> 
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Address Latch Enable or Address Valid output, as selected by CCR. Both pin options provide a latch to 
demultiplex the address from the address/data bus. When the pin is ADV, it goes inactive high at the 

end of the bus cycle. ADV can be used as a chip select for external memory. ALE/ADV is activated only 
during external memory accesses. 


Read signal output to external memory. RD is activated only during external memory reads. 


Write and Write Low output to external memory, as selected by the CCR. WR will go low for every 
external write, while WRL will go low only for external writes where an even byte is being written. 
WR/WRL is activated only during external memory writes. 


Bus High Enable or Write High output to external memory, as selected by the CCR. BHE = 0 selects 
the bank of memory that is connected to the high byte of the data bus. AO = 0 selects the bank of 
memory that is connected to the low byte of the data bus. Thus accesses to a 16-bit wide memory can 
be to the low byte only (AO = 0, BHE = 1), to the high byte only (AO = 1, BHE = 0), or both bytes 
(AO = 0, BHE = 0). If the WRH function is selected, the pin will go low if the bus cycle is writing to an 
odd memory location. BHE/WRH is activated only during external memory writes. 
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ADVANCE INFORGIATION 


PIN DESCRIPTIONS (Continued) 


low. 


Name and Function 


Ready input to lengthen external memory cycles, for interfacing to slow or dynamic memory, or 
for bus sharing. If the pin is high, CPU operation continues in a normal manner. If the pin is low 
prior to the falling edge of CLKOUT, the memory controller goes into a wait mode until the next 
positive transition in CLKOUT occurs with READY high. The bus cycle can be lengthened by up 
to 1 ws. When the external memory is not being used, READY has no effect. Internal control of 
the number of wait states inserted into a bus cycle held not ready is available through 
configuration of CCR. READY has a weak internal pullup, so it goes to 1 unless externally pulled 


Inputs to High Speed Input Unit. Four HSI pins are available: HS!.0, HSI.1, HSI.2, and HSI.3. Two 
of them (HSI.2 and HSI.3) are shared with the HSO Unit. The HSI pins are also used as inputs by 
EPROM parts in Programming Mode. 


Outputs from High Speed Output Unit. Six HSO pins are available: HSO.0, HSO.1, HSO.2, HSO.3, 
HSO.4, and HSO.5. Two of them (HSO.4 and HSO.5) are shared with the HS! Unit. 


Programming Mode. 


Ports 3 and 4 


INSTRUCTION SET 


The 8096BH instruction set makes use of six ad- 
dressing modes as described below: 


DIRECT—The operand is specified by an 8-bit ad- 
dress field in the instruction. The operand must be in 
the Register File or SFR space (locations O000H 
through OOFFH). 


IMMEDIATE—The operand itself follows the op- 
code in the instruction stream as immediate data. 
The immediate data can be either 8-bits or 16-bits as 
required by the opcode. 


INDIRECT—An 8-bit address field in the instruction 
gives the word address of a word register in the 
Register File which contains the 16-bit address of 
the operand. The operand can be anywhere in mem- 


ory. 


INDIRECT WITH AUTO-INCREMENT—Same as 
Indirect, except that, after the operand is referenced, 
the word register that contains the operand’s ad- 
dress is incremented by 1 if the operand is a byte, or 
by 2 if the operand is a word. 


8-bit high impedance input-only port. These pins can be used as digital inputs and/or as analog 
inputs to the on-chip A/D converter. These pins are also a mode input to EPROM parts in the 


8-bit quasi-bidirectional I/O port. 


8-bit multi-functional port. Six of its pins are shared with other functions in the 8096BH, the 
remaining 2 are quasi-bidirectional. These pins are also used to input and output control signals 
on EPROM parts in Programming Mode. 


8-bit bi-directional |/O ports with open drain outputs. These pins are shared with the multiplexed 
address/data bus which has strong internal pullups. Ports 3 and 4 are also used as a command, 
address and data path by EPROM parts operating in the Programming Mode. 


INDEXED (LONG AND SHORT)—The instruction 
contains an 8-bit address field and either an 8-bit or 
a 16-bit displacement field. The 8-bit address field 
gives the word address of a word register in the 
Register File which contains a 16-bit base address. 
The 8- or 16-bit displacement field contains a signed 
displacement that will be added to the base address 
to produce the address of the operand. The operand 
can be anywhere in memory. 


The 8096BH contains a zero register at word ad- 
dress QO00H (and which contains 0000H). This reg- 
ister is available for performing comparisons and for 
use as a base register in indexed addressing. This 
effectively provides direct addressing to all 64K of 
memory. 


In the 8096BH, the Stack Pointer is at word address 
0018H in the Register File. If the 8-bit address field 
contains 18H, the Stack Pointer becomes the base 
register. This allows direct accessing of variables in 
the stack. 


The following tables list the MCS-96 instructions, 
their opcodes, and execution times. 
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instruction Summa 


ne, men ree 
PADD/ADDB sc 12nd Distrn Dt Aruniies ocucicen 099 shia ob owt odo [TT] 
LADD AADDB! 10°} 997 /]e0h sem Bob wicengo wir9n TEI? Sto nck aa banpaanias Lit | | | 
(ADDGyAGDes be ie ee eae eee cP ee Pe 
BSUB/SUBE hc: nl Derr eh wearin aut ean. 2 a A Pee AP ome | oe 
[ SUB/SUBB viol: Bain} OsreBroAotins tes eis a det VO Se hood | | 
PSUGEreDECe.| eee we i ee ea eee 
LCMP/GMPB:! i: PS PD iAciishtians iene Mawes fede? [oe hook pias PP | te 
CST hea ame ak Ee oa RR GEN ie Mant Poca earl ook eco [Rea oe 
EP 3 ree Be A ener | ae ae oer feomiteree oet s e 
PROSE PRAIA | Be ea cic sig ane bed ee ee |e 
ULE MULGB | ges eB Aes ee eee eet epee 
DW 8 2D 0,0 + 2/0042. remainder | — totale} ti— | 2 | 
DUB | 2 [DO D+ 1/AD+1 << remainder pH j—l—t«| t]—| 3 | 
ov. | 2 De D+ AAD +2 <— romeainder || —|—17 | tT] — | ow: | 
DWE | 2 LO D+ 1VAD+1, eremainder |—|—[—|?}ti—f 
LAND/ANDB 3) 20 | DieetiDiand ee cu onion sive a fmenh sediOrkO P| | 
BENG ABIDE <4: O° 2150 re Bang A202. Se OA eee Oe Thad ea a 
Mera la AWA MRR len ance ME I ra a AO lca a "1 Wee ct 
[XOR/XORB™ | 2 | DS Diexclon A ee of 0 | — | | 
GLE TLS 8 eines MEET CA “k,l aR UIE acd St ed Wa 
[ST/STB. a | Bp Actre Dey oe | ete ey 
PLDBSE = {| 2) [Dea Det SIGMA) | —|—|—|—| =" 
PED Bae = Ur St Dem cre es SEE 25 Tee iis | aap pa 
PPUSH bt, [SP SRO SSP A LH 
RN Te Py a ed 
PUSHF Ble SP < SP — 2; (SP) <— PSW: Say ieale eee 

PSW. < 0000H. |<—0 
Pore «do Pewee GPESP STR ey 
SMP | 1 | PC PC + it-bitoffet | | | | — | 
LMP | 4 | PC PC +. 16bitoffst | | | | 
PC _< (A), edd eed eed eed dee 
a i eG 

PC <— PC + 11-bit offset 
a Spo 
| PC <— PC + 16-bit offset 
RET. | oo [PO sPyspe—sp+2 | — | — | — | — | — | 
| J(conditional) | 1 | PC <~ PC + Bbitoffset(iftaken) | — | — | — | —| — | 
UG BSS Sy tg OP cae IRM Ine SET See eh ae 
NC | tf uumpitc=o 7 FF — J — I 
VE tf umpitz@=1 = J J — J — I = | 
NOTES: 


1. If the mnemonic ends in “B”, a byte operation is performed, otherwise a word operation is done. Operands D, B, and A 
must conform to the alignment rules for the required operand type. D and B are locations in the Register File; A can be 
located anywhere in memory. 

2.D, D + 2 are consecutive WORDS in memory; D is DOUBLE-WORD aligned. 

3. D, D + 1 are consecutive BYTES in memory; D is WORD aligned. 

4. Changes a byte to a word. 

5. Offset is a 2’s complement number. 
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Instruction Summary (Continued) 


ite ohh Toe |Z | N| Cc] Vv vr} st 

UNE ft ump if2= 00 ep | ae 
AGE te timp RN Oe oe ee a ee Pee ee fe |B 
puuT Tt umpitn=t T= J [J] ] 8 
Jar Jump if N = OandZ = 0 eh ES ee eS ae 
Jump ifN = 1orZ = 1 f—|—|—|-—|—-|]-] 5 | 
Jump ifC = 1andZ = 0 r—{—/|-|-/|-—[-] 5 | 
NH | tf umpifC=00rz=10 0 f= —[—]—-|—]—-] 5 
JV [1 [uumpitvet | -[-] |] 
INV | tt umpifv=o ff —J—| |] 
VT | umpifvT =1;ClearvT [| —|—|—]} 0 [—] 5 
PINVT | 1 | dumpifvT =0;ClearvT | —~/—|—] 0 [—] 5 | 
ST. a Pumpitstet | fe eee 
INST | tf umpifsSt=0) J | J —|—f—[-] 
‘JBS | «| JumpifSpecifiedBit=1 = = = = =|—|—/—|—|—|—| 56 | 
JBC =——sdL|:=S (| JumpifSpecifiedBit=o === | —| —| —|—| — 
ei eee eg 

PC <— PC + 8-bit offset 
Felon = ares Be ene ee eee eee ee a ee ee 
BSE te ae ea Se TN a a ae ee ee ee 
ee re cake MR eS ae UE Re a Pe LS RE aa Le ee ec ee 
EXT. a Pe D2 a SigngDy et | oot a Re 
|SHL/SHLB/SHLL | 2 | C — msb————— isb <— 0 
|SHR/SHRB/SHRL_ | 2__—(| 0 —> msb————— isb —> C 
| SHRA/SHRAB/SHRAL | __2__| msb —> msb————— Isb —> C 
ES oes Ee coe ee io ee 
NOUAG Cs at. RE Oe RG ree seats * oie Ps eae | 
ie ee ee re eae ea ae 
Co aera 2 Sia aaa 
‘DE 0 _| Disable Allinterrupts(I <0) 
EL 0 | Enable Allinterrupts(i<— 1) 
Co eee Oe oR cos ae 
ee one pe Ae ee Mr eee Pon, a Foe Pet, 
[NORML |__| Left shift till msb = 1;D < shift count_ 
ee 

PC <— (2010H) 


NOTES: 

1. If the mnemonic ends in ‘“‘B’’, a byte operation is performed, otherwise a word operation is done. Operands D, B and A 
must conform to the alignment rules for the required operand type. D and B are locations in the Register File; A can be 
located anywhere in memory. . 

5. Offset is a 2’s complement number. 

6. Specified bit is one of the 2048 bits in the register file. 

7. The “L” (Long) suffix indicates double-word operation. 

8. Initiates a Reset by pulling RESET low. Software should re-initialize all the necessary registers with code starting at 
2080H. 

9. The assembler will not accept this mnemonic. 
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Opcode and State Time Listing 


| piRecT IMMEDIATE 


INDIRECT® INDEXED® 
NORMAL |AUTO-INC.| SHORT LONG 


wn 

are wl wl lonl-|enltlal eg 

&| 3 |t Sie ee Sie ee lH) ee | Sel es 

aja |S a|o| <2 /& EF Ee & = 

Oo;|oifa O|\a!] oF © © ” 
ARITHMETIC INSTRUCTIONS 


ADD__| 2} 64/3{ 4 [os|4] 5 | 66}3] oi [3] m2 [674] on [5] m2 | 

rafal s fasts} 6 [oslo] ma Tel wis Torts] m2 fol 13 
fappB_ | 2 {74 [3] 4 [75{3] 4 | 76 {3] oi [3] m2 }7{4] oat [5] m2 | 
jappB | 3] 54/4] 5 [ssia{ 5 | 56|4] m2 [a] ei3 | s7]5} m2 | 6] 83 | 
jappc_| 2]{aa{3} 4 fasta] 5 |ae]3] oar [3] m2 |a7t4| oar |s | m2 
fappcB | 2 {B4{3| 4 | BS | 3 | Be 3] oi [3] m2 [B74] oar | 5] 72 | 
suB_ | 268 [3] 4 fooltal 5 [eal3] oi [3] m2 foBl4| on | 5] 72 | 
suB_ | 3} 4a{4] 5 fasts] 6 [aala] m2 [al ea3 | apis} 712 | 6] 813 | 
suBB | 2] 78/3] 4 [79/3] 4 [7a}3] oat [3{ m2 |7Bl4} oni | 5] 72 | 
suBB_ | 3|ss{4| 5 [sofa] 5 [sala] m2 |4} a3 |sB{5} 712 |6| 813 
supc_|2]/as{3| 4 fao[a| 5 [Aal3] ott [3] 712 [aBi4| ott | 5] m2) 
supcB | 2|Ba{3| 4 |Bo[3| 4 [Bal 3] oti [3] 712 |BBi 4] on |s| 712 
icmp | 2{s8{3| 4 |sofat 5 [sal3} oir [3] m2 | eBla| oi [5] m2 


icmpB_ | 2/98/3| 4 [99/3] 4 [9a/3| oni [3] m2 | 9B] 4] ot [5] 712 | 
Poe ved coh upeein ger Thiet dt. bec. >< pedtatetonead ree Mamees ah svete rac 
MuLu_| 2 }o6c|3| 25 [op|4] 26 | 6E | 3] 2732 | 3 | 28/33 | oF | 4| 27/32 | 5 | 28/33 
MuLU_| 3 |4c]4] 26 [4D[s| 27 | 4e| 4 | 2/33 | 4| 2934 | 4F | 5 | 28/33 | 6 | 29/34 | 
MuLUB| 2] 7C]3] 17 [7/3] 17 | 7E|3| 1924 |3| 2025 | 7F | 4| 19/24 | 5 | 2075 | 
MA PSS LS SE 2 
MuL__ [2] @|4{ 2 [@|s| 30 | @ [4] 3136 | 4] 3437 | @ [5 | 3136 | 6 | 3237_ 
mMuL__|3/@|s5| 30 | @{o6] 31 | @|5| 3237 |5| 33/38 | @ | 6 | 32/37 | 7 | 33/38 | 
MucB_| 2[@/4] 21 |@{4| 2 | @ [4] 2328 [4] 24/29 | @ | 5 | 23/28 | 6 | 24/29 | 
MULB_ | 3] @{s| 22 |@[s{ 22 | @|5| 2429|5| 2530 | @ | 6| 24/29 | 7 | 25/30 
4 29/33 | 8F | 4 | 28/32 | 5 | 29/33 | 
21/25 | 9F | 4| 20/24 21/25 | 
| 32/36 | 4 | 33/37 32/36 | 6 | 33/37 | 
4 | 4] 25/29 | @ | 5 6 | 25/29 


270090-45 


NOTES: 

*Long indexed and Indirect + instructions have identical opcodes with Short indexed and Indirect modes, respectively. The 
second byte of instructions using any Indirect or indexed addressing mode specifies the exact mode used. If the second 
byte is even, use Indirect or Short indexed. If it is odd, use Indirect + or Long indexed. In all cases the second byte of the 
instruction always specifies an even (word) location for the address referenced. 

© Number of state times shown for internal/external operands. 

@® The opcodes for signed multiply and divide are the opcodes for the unsigned functions with an “FE” appended as a 
prefix. 

® State times shown for 16-bit bus. 
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JUMPS AND CALLS 


|MNEMONIC | OPCODE | BYTES | STATES | MNEMONIC | OPCODE | BYTES | STATES 


ficant 3 bits of the opcode are concatenated with the following 8 bits to form an 11-bit, 2’s complement, 


offset for the relative call or jump. 


ES ee | eae ee ee ey 
smmP_ [20-27 | 2 | scat 2er® | 2 | 13168 


e times shown for internal/external operands. 


does not accept this mnemonic. 
stack located internal/external. 


® State times shown for 16-bit bus. 
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LOOP CONTROL 


| MNEMONIC | —OPCODE BYTES STATE TIMES 
DJNZ Recs ee a ae 5/9 STATE TIME (NOT TAKEN/TAKEN)@) 


SINGLE REGISTER INSTRUCTIONS 


INSTR INSTR . 
MNEMONIC se MNEMONIC |~op | 5 | MNEMONIC STATE TIMES(®) 
7 + 1 PER SHIFT() 


7 + 1 PER SHIFT(7) 
7 + 1 PER SHIFT(7) 


| MNEMONIC | OPCODE | BYTES | STATES(®) | MNEMONIC | OPCODE | BYTES 
p Sere | eet aE a a 
BBE RRR OS SA (RR OS eR 05 ee MR SRE a I 
CE BRI 52 AED A: I FES AI LR a Se 
Aa RS ek SR ce eG eR 


NORMALIZE 
/MNEMONIC | OPCODE | BYTES STATE TIMES 
NORML | OF | 8s 44. + 1 PER SHIFT 


NOTES: 

6. This instruction takes 2 states to pull RESET low, then holds it low for 2 states to initiate a reset. The reset takes 12 
states, at which time the program restarts at location 2080H. If a capacitor is tied to RESET, the pin may take longer to go 
low and may never reach the Vo, specification. 

7. Execution will take at least 8 states, even for 0 shift. 

8. State times shown for 16-bit bus. 
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A/D Result LO (02H) A/D Command (02H) pa 


CHANNEL # SELECTS WHICH OF THE 8 
ANALOG INPUT CHANNELS IS TO BE 


A/D CHANNEL NUMBER CONVERTED TO DIGITAL FORM. 


STATUS: GO INDICATES WHEN THE CONVERSION IS TO 
0 =A/D CURRENTLY IDLE . BE INITIATED (GO = 1 MEANS START NOW, 
1 =CONVERSION IN PROCESS GO =0 MEANS THE CONVERSION IS TO BE 
INITIATED BY THE HSO UNIT AT A SPECIFIED TIME). 


X 270090-24 


A/D RESULT: 
LEAST SIGNIFICANT 2 BITS 


SPCON/SPSTAT (11H) 


| BIT1, BITO SPECIFY THE MODE 


270090-21 


OO=MODE QO 10=MODE 2 
=MODE 1 11=MODE 3 P 


HSI__Mode (03H) PEN ENABLE THE PARITY FUNCTION 
REN ENABLES THE RECEIVE FUNCTION 


ce 5 3 Gi me BO ‘PROGRAMS THE 9TH DATA BIT 


IS THE TRANSMIT INTERRUPT FLAG 
HSI.0 MODE , 
IS THE RECEIVE INTERRUPT FLAG 


HSI.1 MODE 

IS THE 9TH DATA RECEIVED 
HSI.2 MODE (iF NOT PARITY) 
IS THE PARITY ERROR INDICATOR 
HSI.3 MODE (iF PARITY ACTIVE) 


WHERE EACH 2 = BIT MODE CONTROL FIELD 270090-26 
DEFINES ONE OF 4 POSSIBLE MODES: 


00 8 POSITIVE TRANSITIONS 


01 EACH POSITIVE TRANSITION 3 
10 EACH NEGATIVE TRANSITION Baud Rate Calculations 
Using XTAL1: 


11. EVERY TRANSITION 
(POSITIVE AND NEGATIVE) Mode 0: Baud — XTAL1 bat: coats BE Be 


270090-22 pig x OR 
Baud _ XTAL1 frequency 


Others: Rate — — 64° (B + 1) 
Using T2CLK: 


HSO Command (06H) Mode o: Baud EE, B+0 


Seen O=5 HS0.0=HS0.5 Others: Baud _ TELA mewenty, 
6 —HSO.0 AND HSO.1 

7 HSO.2 AND HSO.3 

8-B SOFTWARE TIMERS 

E RESET TIMER2 

F START A/D CONVERSION 


INTERRUPT / NO INTERRUPT Chip Configuration 


Rigid 7]6}5]4]3]2] 1] 0} CHIP CONFIGURATION REGISTER 
TIMER 2/ TIMER 1 
RESERVED (Set to 1 for 


X compatibility with future 
‘ parts) 


270090-23 ——BUS WIDTH SELECT 
(16-BIT BUS /8—BiT BUS) 


WRITE STROBE MODE SELECT 
(WR AND BHE /WRL AND WRH) | 


HSi__Status (06H) ADDRESS VALID STROBE SELECT 
(ALE / ADV) 


ie 5 | 4 | EE #3 Bhi 0 | (IRCO) | iNTERNAL READY CONTROL 


B+0 


Note that B cannot equal 0, except when using XTAL1 in other 
than Mode 0. 


HSI.0 STATUS 
HSI.1 STATUS 
HSI.2 STATUS 270090-32 
HSI.3 STATUS 


WHERE FOR EACH 2=BiT STATUS FIELD THE LOWER 
BIT INDICATES WHETHER OR NOT AN EVENT HAS 
OCCURED ON THIS PIN AND THE UPPER BIT INDICATES 
THE CURRENT STATUS OF THE PIN. 


0 
|proceam LOCK MODE 
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10CO (15H) 


HSI.0 INPUT ENABLE / DISABLE 

TIMER 2 RESET EACH WRITE 

HSI.1 INPUT ENABLE / DISABLE 

TIMER 2 EXTERNAL RESET ENABLE / DISABLE 

HSI.2 INPUT ENABLE / DISABLE 

TIMER 2 RESET SOURCE HSI.0 / T2RST 

HSI.3 INPUT ENABLE / DISABLE 

TIMER 2 CLOCK SOURCE HSI.1 /T2CLK 
270090-30 


10CO (15H) 


T2RST ——O +--10C0.5 
T2 RESET 


+--+ 1000.3 
+ == 10C0.0 


HSI.0 ag. 7 actor re IL tee 
¢ == 10C0.2 


3 eles eet 
HSI.1 i ise 0 On TIMER? 
T2CLK ——© ‘-- 10C0.7 CLOCK 
-== 1000.4 
HSL -seeeit eee a) 
-= = 10C0.6 . 


HSI.3 5 ea oe ae HSI 
270090-29 


10S0 (15H) 


HSO.0 CURRENT STATE 

HSO.1 CURRENT STATE 

HSO.2 CURRENT STATE 

HSO.3 CURRENT STATE 

HSO.4 CURRENT STATE 

HSO.5 CURRENT STATE 

CAM OR HOLDING REGISTER IS FULL 
HSO HOLDING REGISTER IS FULL 

270090-27 


10C1 (16H) 


SELECT PWM / SELECT P2.5 

EXTERNAL INTERRUPT ACH7 / EXTINT 

TIMER 1 OVERFLOW INTERRUPT ENABLE / DISABLE 
TIMER 2 OVERFLOW INTERRUPT ENABLE / DISABLE 
HSO.4 OUTPUT ENABLE / DISABLE 

SELECT TXD / SELECT P2.0 

HSO.5 OUTPUT ENABLE / DISABLE 


HSI INTERRUPT 
FIFO FULL / HOLDING REGISTER LOADED 


Ba ey Bos Des end Soot lb 
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Vector | Vector Location | 


(High | (Low 
Byte) | Byte) 
Software 2010H | Not Applicable 
Extint 200EH | 7 (Highest) 
Serial Port 
Software 
Timers 
HSI.0 
High Speed 
Outputs 
HSI Data 
Available 
A/D Conversion 
Complete 
Timer Overflow 0 (Lowest) 


10S1 (16H) 


SOFTWARE TIMER O EXPIRED 

SOFTWARE TIMER 1 EXPIRED 

SOFTWARE TIMER 2 EXPIRED 

SOFTWARE TIMER 3 EXPIRED 

TIMER 2 HAS OVERFLOW 

TIMER 1 HAS OVERFLOW 

HSI FIFO IS FULL 

HS! HOLDING REGISTER DATA AVAILABLE 


0 | 
Es 
cS 
zg 


270090~-28 
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ADVANCE INFORMATION 


ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias ....0°C to + 70°C 


Storage Temperature .......... — 40°C to + 150°C 
Voltage from EA or Vpp 

to Vsg or ANGND............ —0.3V to + 13.0V 
Voltage from Any Other Pin to 

Veo OF ANGIND 6. oe0e eves ens —0.3V to + 7.0V* 
Average Output Current from Any Pin ....... 10 mA 
Power Dissipation... 0.06346 REZ SINS 1.5W 


*This includes Vpp on ROM and CPU only devices. 


OPERATING CONDITIONS 


NOTE: 


ANGND and Vgg should be nominally at the same potential. 


[Symbol [Parameter |e 
[Ty | Ambient Temperature UnderBias fo =~ +S 
[Vos |_ Distal supply Vorage Sn oowasor fo heso ofan er 
[Vacs | Analog Supply Voltage ———SSC*d?SCCiSO Pgs 
[tose | Oscillator Frequency +t éo—*| ied) 
[Veo | Power-Down SuppiyVotags «dt aso eso 


*Notice: Stresses above those listed under “'Abso- 
lute Maximum Ratings” may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE: Specifications contained within the 
following tables are subject to change. 


D.C. CHARACTERISTICS (Test Conditions: Vcc, Vrer, Vpp, Vpp, Vea = 5.0V +0.5V; Fosc = 


6.0 MHz; Ta = 0°C to 70°C; Vgg, ANGND = OV) 


Voc Supply Current (0°C < Ta < 70°C) 


Output Low Voltage on Quasi-Bidirectional 
port pins and P3, P4 when used as ports 


Output Low Voltage on Quasi-Bidirectional 
port pins and P3, P4 when used as ports 


Output Low Voltage on Standard Output 
pins, RESET and Bus/Control Pins 


[Symbol | Parameter =| Min’ | Max | Units | Test Conditions | 
et = — | Ys Stabe aura Tg PONG ois nn fh | asp 


ee. Meee 
[Vi | input Low Voltage (ExceptESE) SCS 
[Vin [input High Votage (Except RESET, NMI, XTALT) 
Fi. | input Leakage Current to each pin of SI, P8,Pé,andto P21.” 


T=08 
=o 
20 
Err 
= 
T22 
ae 
Tiny [0 nput Leakage CurenttoeachpinofPO | 
Tiny [inputigh GurenttoERSSSC*dCSCS 

er 

Actes 


VIL 
ViH 
I é 
Nie Input Low Current to each pin of P1, 
and to P2.6, P2.7. 
Input Low Current to RESET 
Input Low Current P2.2, P2.3, P2.4, READY, BUSWIDTH 
VOL 


Normal operation 
and Power-Down. 


Sta 
er 
Vin = Oto Voc 


Vin = 2.4V 


Vit = 0.45V 
Vit = 0.45V 
Vit = 0.45V 


lo. = 0.8 mA 

(Note 1) 

lo. = 2.0mA 

(Notes 1, 2,3) — 
lo. = 2.0mA 
(Notes 1, 2, 3, 4) 


+3 
pA 
0.45 
15 


e113 © le -re = 
<| <| <[5]8] 3555 |<|<|<|<|<[<f2 
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D.C. CHARACTERISTICS (Continued) _ 


} Units | Test Conditions 


V lon = —20 pA 
(Note 1) 


BM oe 

(Note 1) 
Pee wa | vga Saaved o. 
| 10 | pe 


VoHi Output High Voltage on Standard Output 
pins and Bus/Control pins 
Output High Current on RESET | 50 | 
Cs Pin Capacitance (Any Pin to Vgs) REE BS 
NOTES: 


1. Quasi-bidirectional pins include those on P1, for P2.6 and P2.7. Standard Output Pins include TXD, RXD (Mode 0 only), 
PWM, and HSO pins. Bus/Control pins include CLKOUT, ALE, BHE, RD, WR, INST and ADO-15. 
2. Maximum current per pin must be externally limited to the following values if Vo, is held above 0.45V. | 
lot on quasi-bidirectional pins and Ports 3 and 4 when used as ports: 4.0 mA 
lo on standard output pins and RESET: 8.0 mA 
lo. on Bus/Control pins: 2.0 mA 
3.During normal (non-transient) operation the following limits apply: 
Total lo, on Port 1 must not exceed 8.0 mA. : 
Total Io, on P2.0, P2.6, RESET and all HSO pins must not exceed 15 mA. 
Total Io, on Port 3 must not exceed 10 mA. 
Total Io, on P2.5, P2.7, and Port 4 must not exceed 20 mA. 
4. lo, on HSO.X (X = 0, 4, 5) = 1.6 mA @ O.5V. 


p 


A.C. CHARACTERISTICS Vcc, Vpp = 4.5 to 5.5V; Ta = 0°C to 70°C; fosc = 6.0 to 12.0 MHz 
Test Conditions: Load Capacitance on Output Pins = 80 pF 
Oscillator Frequency = 10 MHz 


TIMING REQUIREMENTS (Other system components must meet these specs.) 


Pe oe se ratagnaiigs SSS SMe a a 
| Tove) | READY HoldatterCLKOUTEdge |) | 
| Tuw | EndofALE/ADVtoREADY Valid | | 2Toso-70 


Units 
a 
cpmee | 
ci te 
aoe (eee ee 
| SToso-120 | ns | 
ene 
ene 
Key 
pes on 
pier 
fe ieee 


Tose—25 
| Tex | BUSWIDTHHoldafter ALE/ADVLow | Tosc+40 | 
ALE/ADV LowtoBUSWIDTH Valid | = | ‘Tosc—-75 


NOTES: 

1. If the 48-pin part is being used then this timing can be generated by assuming that the CLKOUT falling edge has occurred 
at 2Tosc+ 55 (TLLCH(max) + TCHCL(max)) after the falling edge of ALE. 

4. Pins not bonded out on 48-pin parts. ae 

6. The term ‘“‘Address Valid’’ applies to ADO-15, BHE and INST. 


RD Active to Input Data Valid et eons 3Tosc— 100 
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A.C. CHARACTERISTICS (Continued) 


TIMING RESPONSES (MCS-96 parts meet these specs.) 


[Symbol om 
[Fim | GncisorFrequency 
re ee 
Teun | CuKOUTLowtoaLerign ao 


ALE/ADV High Time Tose +35(5) 


RD or WA Low to Address Float Eel ino Ag, 
End of ALE/ADv to RD or WR Active 


WR Pulse Width STosc—36 
Output Data Hold after WR/WRL/WRH 


Address Setup to End of ALE/ADV 


Address Hold after End of ALE/ADV le erpae gg | = SPE 


Output Data Valid to End of WR/WRL/WRH: | 3Tosc—60 een eae, 
End of WR/WAL/WRH to ALE/ADVHigh | Tosc—75 | | 
| Try. | ADPulseWiith;) en | aTosonao | 
Output Data Valid to WRL, WRH Low Tosc—60 Mp sete 


NOTES: 
2. If more than one wait state is desired, add 3Tosc for each additional wait state. 


‘ ele “ied + « , + 4 i. ee, ne) i 7 
+ $B. Ree Ee vi ad Sem IE rg. ae ee seal 
we Ke eee SSS, ed vee! pie ee gt Sli, Sie ge ae dl" ge 

OP a ee OE a ge is ee Soren 2iS : 
St, Ee ieee” : ‘ 


ADVANCE INFORMATION 


3. CLKOUT is directly generated as a divide by 3 of the oscillator. The period will be 3Tosc + 10 ns if Tosc is constant and i 


the rise and fall times on XTAL1 are less than 10 ns. 

4. Pins not bonded out on 48-pin parts. Boe * 

5. Max spec applies only to ALE. Min spec applies to both ALE and ADV. 

6. The term ‘‘Address Valid” applies to ADO-15, BHE and INST. 

7. The term ‘‘ Address” in this definition applies to ADO-7 for 8-bit cycles, and ADO-15 for 16-bit cycles. 
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— ae) “a i. aa “apvanice FORMATION 


WAVEFORM 


TCHCH ToHcH—> ke -Tosc->| 
TLLCH 
CLOCKOUT 


Touct—>} T 
Tout | 
ToLyx 


STS al 
READY ‘ oVALIDI, 


(3), Tout TLLYV TYLYH 


ey {7 
2 Bs i i ie ell edhe 
TLHLL TLLRL TRHLH 


TRLRH 
% 
ro 


TRHDX 
TRHD 


(| DATA IN|) : 


TWHLH 


+ T 
TAVLL LLAX RLDV 


58S 22 Sere. 


TWHOX 


{| ADDROUT [X DATA OUT “ 


T 
Pa os 


BHE, INST \ VALID /* 


ace TWLWH me 


é VALID 
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NOTES: 

(1) 8-bit bus only. 

(2) 8-bit bus; or when write strobe mode selected. 
(3) When ADV selected. 
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Le se P ep a, 


‘intel TE ene 
WAVEFORM—BUSWIDTH PIN 


CLKOUT / \ / \ / \ 


Tavev 


BUSWIDTH Soe: Bare: 


TLLGv 
ALE / ADV TLLGX 
TAVLL 


ADDRESS / DATA {| ADDR OUT DATA IN 
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A.C. CHARACTERISTICS—SERIAL PORT—SHIFT REGISTER MODE 


SERIAL PORT TIMING—SHIFT REGISTER MODE 
Test Conditions: Ta = 0°C to + 70°C; Voc = 5V 410%; Vsg = OV; Load Capacitance = 80 pF 


[symbol | ——~—sParameter SSS |S Ma 
Serial Port Clock Falling Edge to Rising Edge 4Tosc — 50 | 4Tosc + 50 


Output Data Setup to Clock Rising Edge aS ee a eS ee 
Output Data Hold After Clock Rising Edge ree aa 
Next Output Data Valid After Clock RisingEdge | = = =~—*«|s 2Tosc +50 | ns 


Input Data Hold After Clock Rising Edge Se eS Bae se 
Last Clock Rising to Output Float Se eee BR eG 


WAVEFORM—SERIAL PORT—SHIFT REGISTER MODE 


SERIAL PORT WAVEFORM—SHIFT REGISTER MODE 


Tae 
Oo ho Bae ea eee ca getty eee ee 
TavxH *] Ke TxLxH be TxHaV ae I+ TxHox TxHoz r 


ie RS ee a ae a oe 
(OUT) CE On es es 4 7 
TpvxH >| Le a I TxHpx 


CIN) WALK _AVALIOX __XVALIOX VALID XVALIOX —_XVALIOX _XVALIOX VALI) 
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ADVANCE INFORMATION 
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A.C. TESTING INPUT, OUTPUT WAVEFORM FLOAT WAVEFORM 


Vioapt®:1 5V 


V TIMING REFERENCE 
LOAD Dis aetna mae . 
Vioap™0-15V Vo. 0.15 V 


0.45 


270090-51 
For Timing Purposes a Port Pin is no Longer Floating when a 100 
mV change from Load Voltage Occurs, and Begins to Float when 
a 100 mV change from the Loaded Voy/Vo, Level occurs Io,/ 
lon 2 +15 MA. | 


270090-49 
A.C. Testing inputs are driven at 2.4V for a Logic “1” and 0.45V 
for a Logic “0”. Timing measurements are made at 2.0V for a 
Logic “1” and 0.8V for a Logic “0”. 
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A/D CONVERTER SPECIFICATIONS —_ OPERATING CONDITIONS 


A/D Converter operation is verified only on the Vcc, Vpp, VREF «+--+: e eee ee cere ee ees 4.5V to 5.5V 
8097BH, 8397BH, 8095BH, 8395BH, 8797BH, Voc, ANGND...............cccce eee eeeeeee 0.0V 
insu De tc wer ee OR Cia ie 0°C to 70°C 
The absolute conversion accuracy is dependent on  FOSC..----e- eee e reece eee eeeees 6.0 to 12.0 MHz 
the accuracy of Vref. The specifications given be- Test Conditions: 

low assume adherence to the Operating Conditions Yates. Sarees Sa 5.120V 
section of these data sheets. Testing is done at 

Vrer = 5.120V. 


Typical*(") | Minimum | Maximum | Units** | Notes _ 


PR. eran ach) ac la las 
10 Bits 

feAbabiae Brot = vas vhs voneaey obo. Bikes be ee ode OO LS 
| espn” eae BE glare FF Sw coe eae eee 
peep Oiipat Emmet ‘i sollaraRaNe aay aes] | see |g 
Dic! | Sea ts iis BANS Sc ABA loll eZ neve (CS, 8 adhe 
| DifferentialNon-Lineerty | | |e tes | 
Channel-to-ChannelMatching | | S| tt | tSBs | 
SAlppeeabiny Tio eci|) Me@BB ee | ee =| Be | a 


Temperature Coefficients: 


Offset 0.009 LSB/°C 1 
Full Scale 0.009 LSB/°C 1 
Differential Non-Linearity ; 


eae ee 
a 
Ves Power SuppiyReecdon | eo 
er 
0.6. put ueakags | 
oe 
iangatlens oe ee oe a 

PST 


Sampling Capacitor 
NOTES: 


er hat Eee 
* These values are expected for most parts at 25°C. 
** An “LSB”, as used here, is defined in the glossary which follows and has a value of approximately 5 mV. 
1. These values are not tested in production and are based on theoretical estimates and laboratory tests. 
2. DC to 100 KHz. 
3. For starting the A/D with an HSO Command. 
4. Multiplexer Break-Before-Make Guaranteed. 
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A/D GLOSSARY OF TERMS 


ABSOLUTE ERROR—The maximum difference be- 
tween corresponding actual and ideal code tran- 
sitions. Absolute Error accounts for all deviations of 
an actual converter from an ideal converter. 


ACTUAL CHARACTERISTIC—The. characteristic 
of an actual converter. The characteristic of a given 
converter may vary over temperature, supply volt- 
age, and frequency conditions. An actual character- 
istic rarely has ideal first and last transition locations 
or ideal code widths. It may even vary over multiple 
conversions under the same conditions. 


BREAK-BEFORE-MAKE—The property of a multi- 
plexer which guarantees that a previously selected 
channel will be deselected before a new channel is 
selected. (e.g. the converter will not short inputs to- 
gether.) 


CHANNEL-TO-CHANNEL MATCHING—The differ- 
ence between corresponding code transitions of ac- 
tual characteristics taken from different channels un- 
der the same temperature, voltage and frequency 
conditions. 


CHARACTERISTIC—A graph of input voltage ver- 
sus the resultant output code for an A/D converter. 
It describes the transfer function of the A/D convert- 
er. 


CODE—The digital value output by the converter. 


CODE CENTER—The voltage corresponding to the 
midpoint between two adjacent code transitions. 


CODE TRANSITION—The point at which the con- 
verter changes from an output code of Q, to a code 
of Q + 1. The input voltage corresponding to a code 
transition is defined to be that voltage which is 
equally likely to produce either of two adjacent 
codes. 


CODE WIDTH—The voltage corresponding to the 
difference between two adjacent code transitions. 


CROSSTALK—See “Off-isolation’’. 


3d see 
< Fee” Ken oy. . ¥ Pie 
- . “i F ae hye 


~— 


sxoxsH 4 ADVANCE INFORMATION 


D.C. INPUT LEAKAGE—Leakage current to ground 
from an analog input pin. 


DIFFERENTIAL NON-LINEARITY—The difference 
between the ideal and actual code widths of the ter- 
minal based characteristic. 


FEEDTHROUGH—Attenuation of a voltage applied 
on the selected channel of the A/D Converter after 
the sample window closes. 


FULL SCALE ERROR—The difference between the 
expected and actual input voltage corresponding to 
the full scale code transition. 


IDEAL CHARACTERISTIC—A characteristic with 
its first code transition at Vijy = 0.5 LSB, its last 
code transition at Vij = (VRer — 1.5 LSB) and all 
code widths equal to one LSB. 


INPUT RESISTANCE—The effective series resist- 
ance from the analog input pin to the sample capaci- 
tor. 


LSB—Least Significant Bit: The voltage corre- 
sponding to the full scale voltage divided by 2", 
where n is the number of bits of resolution of the 
converter. For a 10-bit converter with a reference 
voltage of 5.12V, one LSB is 5.0 mV. Note that this 
is different than digital LSBs, since an uncertainty of 
two LSB, when referring to an A/D converter, equals 
10 mV. (This has been confused with an uncertainty 
of two digital bits, which would mean four counts, or 
20 mV.) 


MONOTONIC—The property of successive approxi- 
mation converters which guarantees that increasing 
input voltages produce adjacent codes of increasing 
value, and that decreasing input voltages produce 
adjacent codes of decreasing value. 


NO MISSED CODES—For each and every output 
code, there exists a unique input voltage range 
which produces that code only. 


NON-LINEARITY—The maximum deviation of code 
transitions of the terminal-based characteristic from 
the corresponding code transitions of the ideal char- 
acteristic. 
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OFF-ISOLATION—Attenuation of a voltage applied 
on a deselected channel of the A/D converter. (Also 
referred to as Crosstalk.) 


REPEATABILITY—The difference between corre- 
sponding code transitions from different actual char- 
acteristics taken from the same converter on the 
same channel at the same temperature, voltage and 
frequency conditions. 


RESOLUTION—The number of input voltage levels 
that the converter can unambiguously distinguish 
between. Also defines the number of useful bits of 
information which the converter can return. 


SAMPLE DELAY—The delay from receiving the 
start conversion signal to when the sample window 
opens. 


SAMPLE DELAY UNCERTAINTY—The variation in 
the sample delay. 


SAMPLE TIME—The time that the sample window 
is open. 


SAMPLE TIME UNCERTAINTY—The variation in 
the sample time. 
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SAMPLE WINDOW—Begins when the sample ca- 
pacitor is attached to a selected channel and ends 
when the sample capacitor is disconnected from the 
selected channel. 


SUCCESSIVE APPROXIMATION—An A/D conver- 
sion method which uses a binary search to arrive at 
the best digital representation of an analog input. 


TEMPERATURE COEFFICIENTS—Change in the 
stated variable per degree centigrade temperature 
change. Temperature coefficients are added to the 
typical values of a specification to see the ee of 
temperature drift. 


TERMINAL BASED CHARACTERISTIC—An actual 
characteristic which has been rotated and translated 
to remove zero offset and full scale error. 


Vcoc REJECTION—Attenuation of noise on the Vcc . 
line to the A/D converter. 


ZERO OFFSET—The difference between the ex- 
pected and actual input voltage corresponding to 
the first code transition. 
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EPROM CHARACTERISTICS 


The 879XBH contains 8K bytes of ultraviolet Erasea- 
ble and Electrically Programmable Read Only Mem- 
ory (EPROM) for internal storage. This memory can 
be programmed in a variety of ways—including at 
run-time under software control. | 


The EPROM is mapped into memory locations 
2000H through 3FFFH if. EA is a TTL high. However, 
applying + 12.75V to EA when the chip is reset will 
place the 879XBH in EPROM Programming Mode. 
The Programming Mode has been implemented to 
support EPROM programming and verification. 


When an 879XBH is in Programming Mode, special 
hardware functions are available to the user. These 
functions include algorithms for slave, gang and 
auto EPROM programming. 


Programming the 879XBH 


Three flexible EPROM programming modes. are 
available on the 879XBH—auto, slave and run-time. 
These modes can be used to program 879XBHs in a 
gang, stand alone or run-time environment. 


- The Auto Programming Mode enables an 879XBH to 
program itself, and up to 15 other 879XBHs, with the 
8K bytes of code beginning at address 4000H on its 
external bus. The Slave Mode provides a standard 
interface that enables any number of 879XBHs to be 
programmed by a master device such as an EPROM 
programmer. The Run-Time Mode allows individual 
EPROM locations to be programmed at run-time un- 
der complete software control. 


In the Programming Mode, some !/O pins have been 
renamed. These new pin functions are used to de- 
termine the programming function that is performed, 
provide programming ALEs, provide slave ID num- 


bers and pass error information. Figure 19 shows 
how the pins are renamed. Figure 20 describes each 
new pin function. 


While in Programming Mode, PMODE selects the 
programming function that is performed (see Figure 
18). When not in the Programming Mode, Run-Time 
programming can be done at any time. 


| PMODE | __ProgrammingMode__ 
5 | Slave Programming 
- Program Configuration Byte 


OEH-OFH 


Figure 18. Programming Function PMODE Values 


To guarantee proper execution, the pins of PMODE 
and SID must be in their desired state before the 
RESET pin is allowed to rise and reset the part.. 
Once the part is reset, it is in the selected mode and 
should not be switched to another mode without a 
new reset sequence. 


When EA selects the Programming Mode, the chip 
reset sequence loads the CCR from the Program- 
ming Chip Configuration Byte (PCCB). This is a 
separate EPROM location that is not mapped under 
normal operation. PCCR is only important when pro- 
gramming in the Auto Programming Mode. In this 
mode, the 879XBH that is being programmed gets 
the data to be programmed from external memory 
over the system bus. Therefore, PCCR must correct- 
ly correspond to the memory system in the program- 
ming setup, which is not necessarily the memory or- 
ganization of the application. 


The following sections describe 879XBH program- 
ming in each programming mode. 
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PROGRAMMING VOLTAGE 
SELECTS 


PROGRAMMING 


PACT 


PALE 
PROG 
PVER / SALE 


PDO / SPROG 


879XBH 
270090-37 


Figure 19. Programming Mode Pin Functions 


Programming Mode Select. Determines the EPROM programming algorithm that is 
performed. PMODE is sampled after a chip reset and should be static while the part 
is operating. 


Slave ID.Number. Used to assign each slave a pin of Port 3 or 4 to use for passing 
programming verification acknowledgement. For example, if gang programming in 
the Slave Programming Mode, the slave with SID = 0001 will use Port 3.1 to signal 
correct or incorrect program verification. 


Programming ALE input. Accepted by an 879XBH that is in the Slave Programming 
Mode. Used to indicate that Ports 3 and 4 contain a command/address. 


PALE 

PROG Programming Pulse. Accepted by an 879XBH that is in the Slave Programming 
Mode. Used to indicate that Ports 3 and 4 contain the data to be programmed. A 
falling edge on PROG signifies data valid and starts the programming cycle. A rising 
edge on PROG will halt programming in the slaves. 

PACT 

PVER 

SALE 

SPROG 


Programming Active. Used in the Auto Programming Mode to indicate when 
programming activity is complete. 


Program Verified. A signal output after a programming operation by parts in the Slave 
Programming Mode. 


Programming Duration Overflowed: A signal output by parts in the Slave 
Programming Mode. Used to signify that the PROG pulse applied for a programming 
operation was longer than allowed. 


Slave ALE. Output signal from an 879XBH in the Auto Programming Mode. A falling 
edge on SALE indicates that Ports 3 and 4 contain valid address/command 
information for slave 879XBHs that may be attached to the master. 


Slave Programming Pulse. Output from an 879XBH in the Auto Programming Mode. 
A falling edge on SPROG indicates that Ports 3 and 4 contain valid data for 
programming into slave 879XBHs that may be attached to the master. 


as aregular system bus to access external memory. Should have pullups to 
Voc (15 KQ). 


Figure 20. Programming Mode Pin Definitions 


PORTS 3 and 4 Address/Command/Data Bus. Used to pass commands, addresses and data to and 
from slave mode 879XBHs. Used by chips in the Auto Programming Mode to pass 
command, addresses and data to slaves. Also used in the Auto Programming Mode 
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AUTO PROGRAMMING MODE 


The Auto Programming Mode provides the ability to 
program the internal 879XBH EPROM without hav- 
ing to use a special EPROM programmer. In this 
mode, the 879XBH simply programs itself with the 
data found at external locations 4000H through 
SFFFH. All that is required is that some sort of exter- 
nal memory reside at these locations, that EA se- 
lects the Programming Mode and that Vpp is ap- 
plied. Figure 21 shows a minimum configuration for 
using an 8K X 8 EPROM to program one 879XBH in 
the Auto Programming Mode. 


The 879XBH first reads a word from external memo- 
ry, then the Modified Quick-Pulse Programming™ 
Algorithm (described later) is used to program the 
appropriate EPROM location. Since the erased state 
of a byte is OFFH, the Auto Programming Mode will 
skip locations where the data to be programmed is 
OFFH. When all 8K has been programmed, PACT 
goes high and the part outputs a 0 on Port 2.0 if it 
programmed correctly and a 1 if it failed. 


Gang Programming with the 
Auto Programming Mode 


An 879XBH in the Auto Programming Mode can also 
be used as a programmer for up to 15 other 
879XBHs that are configured in the Slave Program- 


#12.75 Vde 


ming Mode. To accomplish this, the 879XBH acting 
as the master outputs the slave command/data 
pairs on Ports 3 and 4 necessary to program slave 
parts with the same data it is programming itself 
with. Slave ALE (SALE) and Slave PROG (SPROG) 
signals are provided by the master to the slaves to 
demultiplex the commands from the data. Figure 22 
is a block diagram of a gang programming system 
using one 879XBH in the Auto Programming Mode. 
The Slave Programming Mode is described in the 
next section. 


The master 879XBH first reads a word from the ex- 
ternal memory controlled by ALE, RD and WR. It 
then drives Ports 3 and 4 with a Data Program com- 
mand using the appropriate address and alerts the 
slaves with a falling edge on SALE. Next, the data to 
be programmed is driven onto Ports 3 and 4 and 

slave programming begins with a falling edge on 
SPROG. At the same time, the master begins to pro- 
gram its own EPROM location with the data read in. 
Intel’s Modified Quick-Pulse Programming™ Algo- 
rithm is used, with Data Verify commands being giv- 
en to the slaves after each programming pulse. 


When programming is complete, PACT goes high 
and Ports 3 and 4 are driven with all 1s if all parts 
programmed correctly. Individual bits of Port 3 and 4 
will be driven to 0 if the slave with that bit number as 
an SID did not program correctly. The 879XBH used 
as the master assigns itself an SID of 0. 


PO.5 ma PMODE = OCH 


P0.4 


8796BH 
OR 
8797BH 


NOTE: 
Ports 3 and 4 should have pullups to Voc 


270090-—40 


Figure 21. The Auto Programming Mode 
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SID = OFh 


SID =2 
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NOTE: 
EA and Vpp on slaves must be at + 12.75 Vgc. Each slave’s PMODE must equal 05H. Ports 3 and 4 should have pullups 


to Voc. Minimum configuration connections must also be made for slaves. A 10 MHz clock is recommended for the 
slaves. 


Figure 22. Gang Programming with the Auto Programming Mode 
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SLAVE PROGRAMMING MODE 


Any number of 879XBHs can be programmed bya 
master programmer through the Slave Programming 
Mode. 


The programming device uses Ports 3 and 4 of the 
parts being programmed as a command/data path. 
The slaves accept signals on PALE (Program ALE) 
and PROG (Program Enable) to demultiplex the 
commands and data. The slaves also use PVER, 
PDO and Ports 3 and 4 to pass error information to 
the programmer. Support for gang programming of 
up to 16 879XBHs is provided. If each part is given a 
unique SID (Slave ID Number) an 879XBH in the 
Auto Programming Mode can be used as a master to 
program itself and up to 15 other slave 879XBHs. 
There is, however, no 879XBH dependent limit to 
the number of parts that can be gang programmed 
in the slave mode. 


It is important to note that the interface to an 
879XBH in the slave mode is similar to a multiplexed 
bus. Attempting to issue consecutive PALE pulses 
without a corresponding PROG pulse will produce 
unexpected results. Similarly, issuing consecutive 
PROG pulses without the corresponding PALE puls- 
es immediately preceding is equally unpredictable. 


Slave Programming Commands 


The commands sent to the slaves are 16-bits wide 
and contain two fields. Bits 14 and 15 specify the 
action that the slaves are to perform. Bits 0 through 
13 specify the address upon which the action is to 
take place. Commands are sent via Ports 3 and 4 
and are available to cause the slaves to program a 
word, verify a word, or dump a word (Table 4). The 
address part of the command sent to the slaves 
ranges from 2000H to 3FFFH and refers to the inter- 
nal EPROM memory space. The following sections 
describe each Slave Programming Mode command. 


PORTS 3,4 
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Table 4. Slave Programming Mode Commands 


Word Dump 


Data Verify 
Data Program 
Reserved 


DATA PROGRAM COMMAND—After a Data Pro- 
gram Command has been sent to the slaves, PROG 
must be pulled low to cause the data on Ports 3 and 
4 to be programmed into the location specified dur- 
ing the command. The falling edge of PROG is not 
only used to indicate data valid, but also triggers the 
hardware programming of the word specified. The 
slaves will begin programming 48 states after PROG 
falls, and will continue to program the location until 
PROG rises. 


After the rising edge of PROG, the slaves automati- 
cally perform a verification of the address just pro- 
grammed. The result of this verification is then out- 
put on PVER (Program Verify) and PDO (Program 
Duration Overflowed). Therefore, verification infor- 
mation is available following the Data Program Com- 
mand for programming systems that cannot use the 
Data Verify command. 


lf PVER and PDO of all slaves are 1s after PROG 
rises then the data program was successful every- 
where. If PVER is a 0 in any slave, then the data 
programmed did not verify correctly in that part. If 
PDO is a 0 in any slave, then the programming pulse 
in those parts was terminated by an internal safety 
feature rather than the rising edge of PROG. The 
safety feature prevents over-programming in the 
slave mode. Figure 23 shows the relationship of 
PALE, PROG, PVER and PDO to the Command/ 
Data Path on Ports 3 and 4 for the Data Program 
Command. 


ADDRESS /COMMAND == DATA } 


PALE \ / 
PROG \ 


PVER VALID / \ VALID 
PDO VALID / \ VALID 


Figure 23. Data Program Signals in Slave Programming Mode 


270090-38 


21-36 


7 -. =< 


Gee: yieray e Sat 1) see ‘+, oe. rt oS iu 
nd | eee SK - 5 OAS h 5 ’ be oh ANE ote ors 
¥ ; ? iP ae on , 
Tels it 3 Wo 58 Oa, 
,* € 


DATA VERIFY COMMAND—When the Data Verify 
Command is sent, the slaves respond by driving one 
bit of Port 3 or 4 to indicate correct or incorrect verifi- 
cation of the previous Data Program. A 1 indicates 
correct verification, while a 0 indicates incorrect veri- 
fication. The SID (Slave ID Number) of each slave 
determines which bit of the command/data path is 
driven. PROG from the programmer governs when 
the slaves drive the bus. Figure 24 shows the rela- 
tionship of Ports 3 and 4 to PALE and PROG. 


This command is always preceded by a Data Pro- 
gram Command in a programming system with as 
many as 16 slaves. However, a Data Verify Com- 
mand does not have to follow every Data Program 
Command. 


WORD DUMP COMMAND — When the Word Dump 
Command is issued, the 879XBH being programmed 
adds 2000H to the address field of the command 
and places the value found at the new address on 
Ports 3 and 4. For example, sending the command 
#0100H to a slave will result in the slave placing the 
word found at location 2100H on Ports 3 and 4. 
PROG from the programmer governs when the 
slave drives the bus. The signals are the same as 
shown in Figure 24. 


Note that this command will work only when just one 
slave is attached to the bus, and that there is no 
restriction on commands that precede or follow a 
Word Dump Command. * 
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Gang Programming with the 
Slave Programming Mode 


Gang programming of 879XBHs can be done using 
the Slave Programming Mode. There is no 879XBH 
based limit on the number of chips that may be 
hooked to the same Port 3/Port 4 data path for gang 
programming. 


If more than 16 chips are being gang programmed, 
the PVER and PDO outputs of each chip could be 
used for verification. The master programmer could 
issue a data program command then either watch 
every chip’s error signals, or AND all the signals al 
gether to get a system PVER and PDO. 


lf 16 or fewer 879XBHs are to be gang programmed 
at once, a more flexible form of verification is avail- 
able. By giving each chip being programmed a 
unique SID, the master programmer could then issue 
a data verify command after the data program com- 
mand. When a verify command is seen by the 
slaves, each will drive one pin of Port 3 or 4 with a 1 
if the programming verified correctly or a 0 if pro- 
gramming failed. The SID is used by each slave to 
determine which Port 3, 4 bit it is assigned. An 
879XBH in the auto programming mode could be the 
master programmer if 15 or fewer slaves need to be 
programmed (See Gang Programming with the Auto 
Programming Mode). 


PALE \ / 
VERIFICATION BITS 


DATA VERIFY COMMAND 


PORTS 3,4 


PROG \ / 


Figure 24. Data Verify Command Signals 
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AUTO CONFIGURATION BYTE 
PROGRAMMING MODE 


The CCB (location 2018H) can be treated just like 
any other EPROM location, and programmed using 
any programming mode. But to provide for simple 
programming of the CCB when no other locations 
need to be programmed, the Auto Configuration 
Byte Programming Mode is provided. Programming 
in this mode also programs PCCB. Figure 25 shows 
a block diagram for using the Auto Configuration 
Byte Programming Mode. 


With PMODE = ODH and OFF on Port 4, CCB and 
PCCB will be programmed the value on Port 3 when 
a logic 0 is placed on PALE. After programming is 
complete, PVER will be driven to a 1 if the bytes 
programmed correctly, and a 0 if the programming 
failed. 


412.75 Vde 
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This method of programming is the only way to pro- 
gram PCCB. PCCB is a non-memory mapped 
EPROM location that gets loaded into CCR during 
the reset sequence when the voltage on EA puts the 
879XBH in Programming Mode. If PCCB is not pro- 
grammed using the Auto Configuration Byte Pro- 
gramming Mode, every time the 879XBH is put into 
Programming Mode the CCR will be loaded with 
OFFH (the value of the erased PCCB location). 


However, if programming of the CCB and PCCB is 
done using this programming mode, the PCCB will 
take on the value programmed into CCB. This 
means that until the part is erased, programming ac- 
tivities that use the system will employ the bus width 
and controls selected by the user’s CCB. 


PUSH TO 


f PROGRAM 


NOTE: 
Tie Port 3 to the value desired to be programmed into CRB, and PCCB. 
Make all necessary minimum connections for power, ground and clock. 
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Figure 25. The Auto CCR Programming Mode 
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RUN-TIME PROGRAMMING 


Run-Time Programming of the 879XBH is provided 
to allow the user complete flexibility in the ways in 
which the internal EPROM is programmed. That flex- 
ibility includes the ability to program just one byte or 
one word instead of the whole EPROM, and extends 
to the hardware necessary to program. The only 
additional requirement of a system is that a pro- 
gramming voltage is applied to Vpp. Run-Time Pro- 
gramming is done with EA at TTL-high (normal 
operation - internal/external access). 


To Run-Time program, the user writes a byte or 
word to the location to be programmed. Once this is 
done, the 879XBH will continue to program that lo- 
cation until another data read from or data write to 
the EPROM occurs. The user can therefore control 
the duration of the programming pulse to within a 
few microseconds. An inteligent algorithm should be 
implemented in software. It is recommended that the 
Modified Quick-Pulse Programming™ Algorithm be 
implemented. 


After the programming of a location has started, 
care must be taken to insure that no program fetch- 
es (or pre-fetches) occur from internal memory. 


PROGRAM : 
temp 
address_temp 
data--temp 
temp 


int_mask ,#enable_swt_only 


HSO_COMMAND ,#SWTO_ovf 


HSO_TIME, TIMER1 ,#program_pulse 


[address_temp] 


data_temp, 
201AH 


SWT_ISR: 


SswtO_expired: 
POP 0 
RET 


This is of no concern if the program is executing 
from external memory. However, if the program is 
executing from internal memory when the write oc- 
curs, it will be necessary to use the built in “Jump to 
Self” located at 201AH. 


‘Jump to Self” is a two byte instruction in the Intel 
test ROM which can be CALLed after the user has 
started programming a location by writing to it. A 
software timer interrupt could then be used to es- 
cape from the ‘Jump to Self” when the proper pro- 
gramming pulse duration has elapsed. Figure 26 is 
an example of how to program an EPROM RON 
while execution is entirely internal. 


Upon entering the PROGRAM routine, the address 
and data are retrieved from the STACK and a Soft- 
ware Timer is set to expire one programming pulse 
later. The data is then written to the EPROM loca- 
tion and a CALL to location 201AH is made. Loca- 
tion 201AH is in Intel reserved test ROM, and con- 
tains the two byte opcode for a “Jump to Self.” The 
minimum interrupt service routine would remove the 
201AH return address from the STACK and return. 


stake parameters from the STACK 


ssave current status 
senable only swt interrupts 


sload swt command to interrupt 
swhen program pulse time 
shas elasped 


Figure 26. Programming the EPROM from Internal Memory Execution 
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ROM/EPROM PROGRAM LOCK 


Protection mechanisms have been provided on the 
ROM and EPROM versions of the 809XBH to inhibit 
unauthorized accesses of internal program memory. 
However, there must always be a way to allow 
authorized program memory dumps for testing 
purposes. The _ following describes 839XBH, 
879XBH program lock features and the mode pro- 
vided for authorized memory dumps. 


PROGRAM LOCK FEATURES 


Write protection is provided for EPROM parts, while 
READ protection is provided for both ROM and 
EPROM parts. 


Write protection is enabled by causing the LOCO bit 
in the CCR to take the value 0. When WRITE protec- 
tion is selected, the bus controller will cycle through 
the write sequence, but will not actually drive data to 
the EPROM and will not enable Vpp to the EPROM. 
This protects the entire EPROM 2000H-3FFFH from 
inadvertant or unauthorized programming. 


READ protection is selected by causing the LOC1 
bit in the CCR to take the value 0. When READ pro- 
tection is enabled, the bus controller will only per- 
form a data read from the address range 2020H- 
3FFFH if the slave program counter is in the range 
2000H-3FFFH. Note that since the slave PC can be 
many bytes ahead of the CPU program counter, an 
instruction that is located after address 3FFAH may 
not be allowed to access protected memory, even 
through the instruction is itself protected. 


If the bus controller receives a request to perform a 
READ of protected memory, the READ sequence 
occurs with indeterminant data being returned to the 
CPU. 


Other enhancements were also made to the 
8096BH for program protection. For example, the 
value of EA is latched on reset so that the device 
cannot be switched from external to internal execu- 
tion mode at run-time. In addition, if READ protec- 
tion is selected, an NMI event will cause the device 
to switch to external only execution mode. Internal 
execution can only resume by resetting the chip. 


AUTHORIZED ACCESS OF PROTECTED 
MEMORY 


To provide a method of dumping the internal ROM/ 
EPROM for testing purposes a “Security Key” 
mechanism and ROM dump mode have been imple- 
mented. 
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The security key is a 128 bit number, located in inter- 
nal memory, that must be matched before a ROM 
dump will occur. The application code contains the 
security key starting at location 2020H. 


The ROM dump mode is entered just like any pro- 
gramming mode (EA = 12.75V), except that a spe- 
cial PMODE strapping is used. The PMODE for ROM 
dump is 6H (0110b). : 


The ROM dump sequence begins with a security key 
verification. Users must place at external locations 
4020H-402FH the same 16 byte key that resides 
inside the chip at locations 2020H-202FH. Before 
doing a ROM dump, the chip checks that the keys 
match. 


After a successful key verification, the chip dumps 
data to external locations 1000H-11FFH and 4000H- 
5FFFH. Unspecified data appears at the low ad- 
dresses. Internal EPROM/ROM is dumped’ to 
4000H-5FFFH beginning with internal address 
2000H. 


If a security key verification is not successful, the 
chip will put itself into an endless loop of internal 
execution. 


NOTE: 
Substantial effort has been expended to provide an 
excellent program protection scheme. However, In- 
tel cannot, and does not guarantee that the protec- 
tion methods that we have devised will prevent un- 
authorized access. 


MODIFIED QUICK-PULSE 
PROGRAMMING™ ALGORITHM 


The Modified Quick-Pulse Programming™ Algorithm 
calls for each EPROM location to receive 25 sepa- 
rate 100 ws (+5 ws) programming cycles. Verifica- 
tion of correct programming is done after the 25 
pulses. If the location verifies correctly, the next lo- 
cation is programmed. If the location fails to verify, 
the location has failed. 


Once all locations are programmed and verified, the 
entire EPROM is again verified. 


Programming of 879XBH parts is done with Vpp = 
12.75V +0.25V and Vcc = 5.0V +0.5V. 
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SIGNATURE WORD 


The 879XBH contains a signature word at location 
2070H. The word can be accessed in the slave 
mode by executing a word dump command. 


Table 5. 8X9XBH Signature Word 


| Device Signature Word 


879XBH 896FH 
~839XBH 896EH 
809XBH Undefined 


Erasing the 879XBH EPROM 


Initially, and after each erasure, all bits of the 
879XBH are in the “1” state. Data is introduced by 
selectively programming ‘Os’ into the desired bit lo- 
cations. Although only “Os” will be programmed, 
both ‘‘1s” and “Os” can be present in the data word. 
The only way to change a “0” to a ‘‘1” is by ultravio- 
let light erasure. 


The erasure characteristics of the 879XBH are such 
that erasure begins to occur upon exposure to light 
with wavelengths shorter than approximately 4000 
Angstroms (A). It should be noted that sunlight and 
certain types of fluorescent lamps have wavelengths 
in the 3000-4000 A range. Constant exposure to 
room level fluorescent lighting could erase the typi- 
cal 879XBH in approximately 3 years, while it would 
take approximately 1 week to cause erasure when 
exposed to direct sunlight. If the 879XBH is to be 
exposed to light for extended periods of time, 
opaque labels must be placed over the EPROM’s 
window to prevent unintentional erasure. 


The recommended erasure procedure for the 
879XBH is exposure to shortwave ultraviolet light 
which has a wavelength of 2537 A. The integrated 
dose (i.e., UV intensity < exposure time) for erasure 
should be a minimum of 15 Wsec/cm2. The erasure 
time with this dosage is approximately 15 to 20 min- 
utes using an ultraviolet lamp with a 12000 w»W/cm2 
power rating. The 879XBH should be placed within 1 
inch of the lamp tubes during erasure. The maximum 
integrated dose an 879XBH can be exposed to with- 
out damage is 7258 Wsec/cm? (1 week @ 12000 
uW/cm2). Exposure of the 879XBH to high intensity 
UV light for long periods may cause permanent dam- 
age. 


POWER SUPPLY SEQUENCE WHILE 
PROGRAMMING 


For any 879XBH that is in any programming mode, 
high voltages must be applied to the device. To 
avoid damaging the parts, the following rules must 
not be violated. 


RULE #1—Vpp must not have a low impedance 
path to ground when Vcc is above 
4,5V. 


RULE #2—Vcc must be above 4.5V ara oe 
can be higher than 5.0V. 


RULE #3— Vpp must be within 1V of Vcc while Voc 
is below 4.5V. 


RULE #4—All voltages must.be within tolerance 
and the oscillator stable before RESET 
rises. 


RULE #5— EA must be brought high to place the 
part in programming mode before Vpp 
is brought high. 


To adhere to these rules, the following power up and 
power down sequences can be followed. 


POWER UP 


RESET = 0; 
CLOCK ON; if using an external clock 
; instead of an oscillator 

Voc = Vpp = Vea = SV; 

PALE= PROG = PORT 34 = Vjy;* 

SID AND PMODE VALID; 

EA = 12.75V; 

Vpp = 12.75V; 

WAIT; wait for supplies and clock to 
; settle 

RESET = 5V; 

WAIT Tshlil; See Data Sheet 

BEGIN; 


POWER DOWN 
RESET = 0; 
Vpp = 5V; 
EA = 5V; 
PALE = PROG = SID = 
OV; 
Vcc = Vpp = Vea = OV; 
CLOCK OFF; 


PMODE = PORT34 = 


*Vin = Logical “1”, 2.4V Minimum 


One final note on power up, power down. The maxi- 
mum limit on Vpp must never be violated, even for 
an instant. Therefore, an RC rise to the desired Vpp 
is recommended. Vpp is also sensitive to instanta- 
neous voltage steps. This also can be avoided by 
using an RC ramp on Vpp. 
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EPROM SPECIFICATIONS 


A.C. EPROM PROGRAMMING CHARACTERISTICS 


Operating Conditions: Load Capacitance = 150 pF, Ta = 25°C +5°C, Vcc, Vpp, VRer = 5.0V + 0.5V, Vgs, 
AGND = OV, Vpp = 12.75V + 0.25V, EA = 11V + 2.0V, fos = 6.0 MHz 


| Symbol | Parameter | Min. =| Max | Units 
ADDRESS/COMMAND Valid toPALELow | oO || Toso 
ADDRESS/COMMANDHoldAfterPALELow | 80 || Tose _| 
Output Data Setup Before PROG Low MS ees Gare as Te 

ee aed ba 


ame 
rent owen. Ee A ete oS 
144 Tose 
ie et a 
me ot oe 
waa BS 
Sa ay 
eas 
per 
ara vsti 


R 
as 
Tra | PROG igh toNet PALELow Yt 
True | Data Hold ater PROG ign SS 
Teuw | PROG vigh to PVER/POO Vaid ——~S*dYC=0O 


RESET High to First PALE Low (not shown) ee eal 
NOTE: 


Run-time programming is done with Fog, = 6.0 MHz to 12.0 MHz, Voc, Vpp, VreF = 5V + 0.5V, Ta = 25°C to +5°C and 
Vpp = 12.75V + 0.25V. For run-time programming over a full operating range, contact the factory. All windowed devices 
should be covered after programming. 


PALE High to PROG Low 
pP 


Tose 


D.C. EPROM PROGRAMMING CHARACTERISTICS 


| symbot | Parameter: 8 olin fp Maxed nits 
| lpp __| __VepSupplyCurrent(Whenever Programming) | =| 100 | = mA 
v 
EA Programming Voltage 
NOTE: | 


Vpp must be within 1V of Voc while Voc < 4.5V. Vpp must not have a low impedance path to ground or Vss while 
Voc > 4.5V. 


21-42 


a se” ip % “€ 
ye 7 as tet 7) = wre. © et 
- ‘ote. . > ue Se 4 eS og ee a 
2 aes S os Ac ae Ba Sore 
4 “— Va. cee “¢ . < nie 


PORTS 3,4 
PALE 
PROG 
TLLAX TpLov 
PORTS 3,4 —{ COMMAND OR WORD DUMP 
TLivH —+| >| 
~ ae AK = 
PDO ‘VALID \} VALID 
270090-43 
Reserved location warning: Intel Reserved ad- harmless result. A memory map indicating reserved 
dresses can not be used by applications which use locations on the 8X9XBH is shown in Figure 27. 
8X9XBH internal ROM/EPROM. The data read from 
a reserved location is not guaranteed, and a write to Intel Reserved locations, when mapped to external 
any reserved location could cause unpredictable re- memory, must be filled with OFFFFH to ensure com- 


sults. When attempting to program Intel Reserved patibility with future parts. 
addresses, the data must be OFFFFH to ensure a 


FFFFH 
EXTERNAL MEMORY 
OR 1/0 
4000H - 


INTERNAL PROGRAM 
STORAGE ROM/EPROM 
OR 


EXTERNAL MEMORY 2080H 


RESERVED 2072H-207FH 
SIGNATURE WORD \2070H-2071H 


INTERRUPT VECTORS 2000H 


Figure 27. Reserved Locations 
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MCS®-96 
809XBH-10 
ADVANCED 16-BIT MICROCONTROLLER 
WITH 8- OR 16-BIT EXTERNAL BUS 


232 Byte Register File ' m Dedicated Baud Rate Generator 
Register-to-Register Architecture Hardware 16 x 16 Multiply, 32/16 Divide 
A/D Converter with S/H 16-Bit Watchdog Timer 

Five 8-Bit |/O Ports Four 16-Bit Software Timers 

20 Interrupt Sources Two 16-Bit Counter/Timers 


Pulse-Width Modulated Output Available in 48-Pin Ceramic DIP and 68 


Pin Ceramic PGA 
High Speed 1/0 Subsystem (See Packaging Specification Order #231369) 


Full Duplex Serial Port 


The MCS®-96 family of 16-bit microcontrollers consists of many members, all of which are designed for high- 
speed control functions. The MCS-96 family members operating with 10 MHz clocks are described in this data 
sheet. 


The CPU supports bit, byte, and word operations. Thirty-two bit double-words are supported for a subset of the 
instruction set. Hardware multiplication and division, along with three-operand instructions and flexible ad- 
dressing modes provide for efficient use of the chip’s 232 bytes of general purpose registers. 


Four high-speed trigger inputs are provided to record the times at which external events occur. Six high-speed 
pulse generator outputs are provided to trigger external events at preset times. The high-speed output unit can 
simultaneously perform software timer functions. Up to four 16-bit software timers can be in operation at once. 


The on-chip A/D converter includes a Sample and Hold, and converts up to 8 multiplexed analog input 
channels to digital values. This feature is only available on the 8X95BHs and 8X97BHs, with the 8X95BHs 
having 4 multiplexed analog inputs. 


Also provided on-chip are a serial port, a Watchdog Timer, and a pulse-width modulated output signal. 


The specifications in this datasheet supplement the information contained in the Embedded Controller Hand- 
book (Order Number 210918) and pertain only to suffix -10 of the MCS-96 family. 
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270278-1 
Figure 1. MCS®-96 Block Diagram 
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\ 
PACKAGING 


The 809XBH-10 is available in 48-pin and 68-pin packages with A/D. The MCS-96 numbering system is shown 
in Figure 2. Figures 3-5 show the pinouts for the 48- and 68-pin packages. The 48-pin version is offered in a 
Dual-In-Line package while the 68-pin version is in a Pin Grid Array (PGA). 


With A/D 
C8095BH-10 - Ceramic DIP 
A8097BH-10 - Ceramic PGA 


Description 


PGA 
47 Pia 
48 P1.5 
49 
50 


HSO.1 
HSO.0 


28 AD10/P4.2 51 HSO.5/HSI.3 
ee we ee eae es 
65 _VREF 

66 ANGND 


Figure 3. PGA Function Pinouts 
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intel : 809XBH-10 PRELIMINARY 


PALE/ RXD/P2.1 


TXD/P2.0 47 [J EXTINT/P2.2/PROG 


HSI2/HSO4 
HSI3/HSO5 


43 12) ACH4/P0.4/PMOD.0 
42 [7] ACH5/P0.5/PMOD.1 
41 (2) ACH7 /P0.7/PMOD.3 
40 [2] ACH6 /P0.6/PMOD.2 


oO nN DO UO FWD = 


ucs®=96 


48 PIN 
DIP: 36 xTaLt 
35 [0 xTAL2 
34) ALE/ADV 
READY RD 
AD15/P4.7 32 [7 AD0/P3.0 
AD14/P4.6 31 (0) AD1 /P3.1 
AD13/P4.5 30 [2 AD2/P3.2 
AD12/P4.4 29 [2] AD3/P3.3 
AD11/P4.3 28 (0) AD4/P3.4 
2712) ADS /P3.5 
ap9/P4.1 © 26 [2 AD6/P3.6 


AD8/P4.0 25 [J AD7/P3.7 
270278-2 


Figure 4. 48-Pin Package 


Pins Facing Down 


Vea ele Oo ae eae 
181916141210 8 6 4 2 68 
20 21 ‘* 67 66 
22 23 nee ve 65 64 


68 PIN 
24 25 GRID ARRAY 63 62 


26 27 61 60 


TOP VIEW 
Rrice LOOKING DOWN ON pees 
30 31 COMPONENT SIDE 57 56 
32 33 OF PC BOARD 55 54 


34 36 38 40 42 44 46 48 50 53 52 


35 37 39 41 43 45 47 49 51 
270278-4 


Figure 5. 68-Pin Package (Pin Grid Array—Top View) 
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PIN DESCRIPTIONS 


Name and Function 


Voc Main supply voltage (5V). 


Vss Digital circuit ground (OV). There are two Vss pins, both of which must be connected. 
Vpp 


RAM standby supply voltage (5V). This voltage must be present during normal operation. In a Power 
Down condition (i.e. Voc drops to zero), if RESET is activated before Voc drops below spec and Vpp 
continues to be held within spec., the top 16 bytes in the Register File will retain their contents. RESET 
must be held low during the Power Down and should not be brought high until Voc is within spec and 
the oscillator has stabilized. 


Reference voltage for the A/D converter (5V). Vrer is also the supply voltage to the analog portion of 
' the A/D converter and the logic used to read Port 0. Must be connected for A/D and Port 0 to function. 
ANGND Reference ground for the A/D converter. Must be held at nominally the same potential as Vss. 


Vpp This pin is Veg on 8X9X-90 parts. Vpp must be unconnected on 8X9XBH-10 parts 
XTAL1 Input of the oscillator inverter and of the internal clock generator 


XTAL2 Output of the oscillator inverter. 


CLKOUT Output of the internal clock generator. The frequency of CLKOUT is 14 the oscillator frequency. It has a 
33% duty cycle. 


Reset input to the chip. Input low for at least 2 state times to reset the chip. The subsequent low-to-high 
transition re-synchronizes CLKOUT and commences a 10-state-time sequence in which the PSW is 
cleared, a byte read from 2018H loads CCR, and a jump to location 2080H is executed. Input high for 
normal operation. RESET has an internal pullup. 


Input for bus width selection. If CCR Bit 1 is a one, this pin selects the bus width for the bus cycle in 
progress. If BUSWIDTH is high, a 16-bit bus cycle occurs. If BUSWIDTH is low, an 8-bit cycle occurs. If 

CCR bit 1 is a 0, the bus is always an 8-bit bus. This pin is the TEST pin on 8X9X-90 parts. Systems with 
TEST tied to Vcc do not need to change. If this pin is left unconnected, it will rise to Voc. 


A positive transition causes a vector to external memory location OOOOH. External memory from 00H 
through OFFH is reserved for Intel development systems. 


BUSWIDTH 


; > 
Mm Dv 

m 
m TN 
+ 


INST Output high during an external memory read indicates the read is an instruction fetch. INST is valid 


throughout the bus cycle. 


Input for memory select (External Access). EA equal to a TTL-high causes memory accesses to 
locations 2000H through 3FFFH to be directed to on-chip ROM. EA equal to a TTL-low causes 
accesses to these locations to be directed to off-chip memory. EA = + 12.5V causes execution to 
begin in the Programming Mode. EA has an internal pulldown, so it goes low unless driven otherwise. 
EA is latched at reset. 


Address Latch Enable or Address Valid output, as selected by CCR. Both pin options provide a latch to 
demultiplex the address from the address/data bus. When the pin is ADV, it goes inactive high at the 

end of the bus cycle. ADV can be used as a chip select for external memory. ALE/ADV is activated only 
during external memory accesses. , 


Read signal output to external memory. RD is activated only during external memory reads. 


Write and Write Low output to external memory, as selected by the CCR. WR will go low for every 
external write, while WRL will go low only for external writes where an even byte is being written. 
WR/WRAL is activated only during external memory writes. 


Bus High Enable or Write High output to external memory, as selected by the CCR. BHE low selects the 
bank of memory that is connected to the high byte of the data bus. AO low selects the bank of memory 
that is connected to the low byte of the data bus. Thus accesses to a 16-bit wide memory can be to the 
low byte only (AO low, BHE high), to the high byte only (AO high, BHE low), or both bytes (AO low, BHE 
low). If the WRH function is selected, the pin will go low if the bus cycle is writing to an odd memory 
location. BHE/WRH is activated only during external memory writes. 


> 


> 
— 
m 
~ 
> 
O 
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PIN DESCRIPTIONS (Continued) | Ae Ss 


Ready input to lengthen external memory cycles, for interfacing to slow or dynamic memory, or » 
for bus sharing. If the pin is high, CPU operation continues in a normal manner. If the pin is low 
prior to the falling edge of CLKOUT, the memory controller goes into a wait mode until the next 
positive transition in CLKOUT occurs with READY high. The bus cycle can be lengthened by up 
to 1 ws. When the external memory is not being used, READY has no effect. Internal control of 
the number of wait states inserted into a bus cycle held not ready is available through 
configuration of CCR. READY has a weak internal pullup, so it goes high unless aerglene pulled 
low. 


Inputs to High Speed Input Unit. Four HSI ibs are available: HSI.0, HSI.1, HSI.2, and HSI.3. Two © 
of them (HSI.2 and HSI.3) are shared with the HSO tig The is pins are also used as inputs by 
EPROM parts in Programming Mode. 


Outputs from High Speed Output Unit. Six HSO pins are available: HSO.0, HSO.1, HSO.2, HSO.3, 
HSO.4, and HSO.5. Two of them (HSO.4 and HSO.5) are shared with the HSI Unit. 


8-bit high impedance input-only port. These pins can be used as digital inputs and/or as analog 
inputs to the on-chip A/D converter. These pins are also a mode input to parts in the 
Programming Mode. 


8-bit quasi-bidirectional I/O port. 


8-bit multi-functional port. Six of its pins are shared with other functions, the remaining 2 are 
quasi-bidirectional. These pins are also used to input and output control signals on parts in 
Programming Mode. 


Ports 3 and 4 


8-bit bi-directional I/O ports with open drain outputs. These pins are shared with the multiplexed 
address/data bus which has strong internal pullups. Ports.3 and 4 are also used as a command, 
address and data path by parts operating in the Programming Mode. 
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ELECTRICAL CHARACTERISTICS  *Notice: Stresses above those listed under “Abso- 
ABSOLUTE MAXIMUM RATINGS* lute Maximum Ratings” may cause permanent dam- 


age to the device. This is a stress rating only and 
Ambient Temperature Under Bias... ..0°C to + 70°C functional operation of the device at these or any 
Storage Temperature .......... —40°C to + 150°C other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 


Seis MEE area eae OR are cries: Ata a20Y posure to absolute maximum rating conditions for 
Voltage from Any Other Pin to extended periods may affect device reliability. 

WSC 00 FINCA ook fg oer dcadorbad —0.3V to + 7.0V : 
Average Output Current from Any Pin ....... 10mA NOTICE: Specifications contained within the 
Power iss Olin foe. os cewek Fovcwaes 1.5w following tables are subject to change. 


OPERATING CONDITIONS 


De a ee ee 
| TA | Ambient TemperatureUnderBias | | #70 

pa Wee | DigitaliSuppiyWoliege. A 8 ONneeRoA S| 
| Vrer | AnalogSupplyVoltage | 4.75 | cone 
Li tos | Oallator Frequaney ise bo OO St NOD tel MBE S 


Power-Down Supply Voltage iS 8 BetBce sSultsies Bibbine ohn Woy 


NOTE: ANGND and Vss should be nominally at the same potential. 


VPD 


D.C. CHARACTERISTICS (Test Conditions: Vcc, Vrer, Vep, Vpp, Vea = 5-0V +0.25V; Fosc = 6.0 to 
10.0 MHz; Ta = 0°C to 70°C; Vss, ANGND = OV) 


[Symbol | Parameter =| “Min | Max __| Units | Test Conditions | 
‘loc | VocSupplyCurrent(°CsTas70C | | 200 mA | All Outputs 
Rog. Vac appyiinent Mor MME Ste ee a ees 
and Power-Down. 
RIMES.) ice Supper eucont <j 2 ONO eS mA NoMa 
[Vin-a_| InputLow Voltage (ExceptRESEN): | OSdisHOe | vo | | 
Mics. | Wipubliqw Woliage, Eset 0 Oe bet en, ov 
Vin | Input High Voltage (Except RESET, NMI,XTAL1) | 2.0 | Voc +05] V || 
|Vin1 | InputHigh Voltage, RESETRising | 24 | co 05] VL 
Input High Voltage, RESET Falling 21 pVeoOsyEw fT | 
Input High Voltage, NMI, XTAL1 2.2 (| Vee ctOSteM ol ae pe 
ii; _| Input Leakage Current to each pin of HSI, P3,P4,andtoP2.1.| | +10 | wA | Vin=OtoVoc | 
‘iui1 | D.C. input Leakage CurrenttoeachpinofPO | | +10 | A | Vin = Oto Veo | 
i TE het ot, a ae PsN Re conned Meck 


Wu Input Low Current to each pin of P14, — 100 pA | Vit = 0.45V 
and to P2.6, P2.7. : 
input Low Current to RESET Poa [oe | omA [vy = Oe 
Input Low Current P2.2, P2.3, P2.4 | | 50 | pA | Vi = 0.45V 


liL3 Input Low Current to READY | -160 | pa | Vit = 0.45V 


liL4 Input Low Current to BUSWIDTH pA | Vit = 0.45V 
(Note 4) 
Vou ° Output Low Voltage on Quasi-Bidirectional port pins V lo. = 0.36 mA 
(Notes 1, 5) 
Output Low Voltage on Standard Output pins, f etonga oRac a o e lon = 2.0mA 
(Note 1) 


RESET and Bus/Control Pins 
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D.C. CHARACTERISTICS (Continued) | 
[Parameter =| Ss Min’ =| Max | Units | TestConditions 


VOoH Output High Voltage on Quasi-Bidirectional 2.4 V lon = —20 pA 
pins (Note 1) 
VoH1 Output High Voltage on Standard Output V loH = —200 pA 
pins and Bus/Control pins (Note 1) 
Output High Current on RESET pA VoH = 2.4V 
(Note 4) 


Pin Capacitance (Any Pin to Vsg) | 10 | pF | fTEST = 1.0MHz 


NOTES: 
1. Quasi-bidirectional pins include those on P1, for P2.6 and P2.7. Standard Output Pins include RXD (Mode 0 only), TXD, 
PWM, and HSO pins. Note 4 applies to RXD in Mode 0. Bus/Control pins include CLKOUT, ALE, BHE, RD, WR, INST and 
ADO-15. : 
2. Maximum current per pin must be externally limited to the following values if Vo, is held above 0.45V. 
lo. on quasi-bidirectional pins: 4.0 mA 
loL on standard output pins and RESET: 8.0 mA 
lo- on Bus/Control pins: 2.0 mA : 
3. During normal (non-transient) operation the following limits apply: 
Total lo, on Port 1 must not exceed 4.0 mA. 
Total lo, on P2.0, P2.6, RESET and all HSO pins must not exceed 17.0 mA. 
Total lo, on P2.5 and P2.7 must not exceed 4.0 mA. 
4. These values are not tested in production, and are based on theoretical estimates and/or laboratory tests. 
5. lo is typically greater than 0.4 mA, but is tested to 0.36 mA. ; 


A.C. CHARACTERISTICS Vcc, Vpp = 5.0V +0.25V; Ta = 0°C to 70°C; 
fosc = 6.0 MHz to 10.0 MHz 


Test Conditions: Load Capacitance on Output Pins = 80 pF 
Oscillator Frequency = 10 MHz 


TIMING REQUIREMENTS (Other system components must meet these specs.) 


na i ae as 

Teun) | READY HotdattercLxouTede [of | Sire 
eT a 

Teiose 40 7 

omer 

sa 


‘ 
2Tose +40 

Twn | NowReadytine 2 fate fi op AOOOK AC ve] 

Address Valid to Input Data Valid I es 

| Truv __| FDActivetoinputDatavalid =| =| BTosc—100 | ns _| 
| Trupx | DataHoldatterRDinactve = | So | ts 
| TrHoz | _RDinactivetoinputDataFloat =| = 0 | = Tosc—20, || —ons_ 
| Tavav4®) | Address ValidtoBUSWIDTH Valid | | 2 Tosc-135 | ns _| 
| Tex | BUSWIDTHHoldafter ALE/ADVLow | Tosct+10 | = |_sins_— 
| Tucv) | ALE/ADVLowtoBUSWIDTH Valid | = ||_—‘Tosc-70 | ns _| 


NOTES: 

1. If the 48-pin part is being used then this timing can be generated by assuming that the CLKOUT falling edge has occurred 
at 2Tosc + 60 (TLLCH(max) + TCHCL(max)) after the falling edge of ALE. 

4. Pins not bonded out on 48-pin parts. as 

6. The term “Address Valid” applies to ADO-15, BHE and INST. 
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A.C. CHARACTERISTICS (Continued) 


TIMING RESPONSES (MCS-96 parts meet these specs.) 


Gea ~~ “cali bal ee 


“Tun 
Tav®) | Address SetuptoEndof ALE/ADV | Toso-65_ | 
ee eT a A 
Ture | ENdofALE/ADVtoRDorWRActve | Tosc-20, | 
uaxi)_| Address Hold after End of ALE/ADV | Toso-20 | 
TWLWH WR Pulse Width ho ee a 
TavwH Output Data Valid to End of WA/WAL/WRH | 3Tosc—65 | 
EAs, 
Bea 2 
fee eae 
pee eam 


TwHox Output Data Hold after WR/WRL/WRH 


TWHLH End of WA/WRL/WRH to ALE/ADV High 


Output Data Valid to WRL, WRH Low ee oe ae 


NOTES: 

2. If more than one wait state is desired, add 3Tosc for each additional wait state. 

3. CLKOUT is directly generated as a divide by 3 of the oscillator. The period will be 3Tosc + 10 ns if Tosc is constant and 
the rise and fall times on XTAL1 are less than 10 ns. 

4. Pins not bonded out on 48-pin parts. ne 

5. Max spec applies only to ALE. Min spec applies to both ALE and ADV. 

6. The term ‘“‘Address Valid’ applies to ADO-15, BHE and INST. 

7. The term ‘“‘ Address” in this definition applies to ADO-7 for 8-bit cycles, and ADO-15 for 16-bit cycles. 

8. Typical value. 


- 
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WAVEFORM 


TCHCH Touch - L+-Tosc- 


TLLCH 


T 
CHCL TeLLL 


CLOCKOUT 


READY 
(3) \ Totty TLLYV TYLYH 


ALE, ADV fay ON estes 
TLHLL TLLERL TRHLH 


TRLRH 
a 


seeaeaeaeeeanee 


~ TRHDX 
TRHD 


(| ADDR OUT (| DATA IN) : . 
Saal @eeeeqeeee qe @ 


T T 
TAVLL LLAX RLDV 


(2) —~\ | 
TWHOX 


(/ approut |l¥ DATA OUT » ; 
Seeeaeeeeaee eae @ 


et a 


ree TWLWH TwHBX 


( VALID be 


270278-6 


NOTES: 

(1) 8-bit bus only. 

(2) 8-bit bus; or when write strobe mode selected. 
(3) When ADV selected. 
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WAVEFORM—BUSWIDTH PIN 


CLKOUT / \ / \ / \ 


Tavev 
BUSWIDTH a aR Me. 
TLLev 
ALE / ADV TLLGX 
TAVLL 


ADDRESS / DATA {| ADDR OUT DATA IN 


270278-7 


A.C. CHARACTERISTICS—SERIAL PORT—SHIFT REGISTER MODE 


SERIAL PORT TIMING—SHIFT REGISTER MODE } 
Test Conditions: Ta = 0°C to + 70°C; Voc = 5V +5%; Vsg = OV; Load Capacitance = 80 pF 


SeameSaa ”* ea oe e  e 
| Tums ‘| SerialPort Glock Period Tose fs 
| Txixt | Serial Port Clock Falling Edge toRisingEdge | 4Tosc— 50 | 4Tosc +60 | ns __ 
| Tavx | Output Data SetuptoClockRisingEdge | STosc | TS 
| Txwax | Output Data Hold After ClockRisingEdge | 2Tosc— 50 | | 
| 2Tosc +50 | ns 

Po) 

pons 

pe 


Next Output Data Valid After Clock Rising Edge eee ST aac’ 4.50 
Input Data Setup to Clock Rising Edge 2Tosc +210 [gon ee aes 
Input Data Hold After Clock Rising Edge eee Saas & Seas 


Last Clock Rising to Output Float 4Tosc + 100 


WAVEFORM—SERIAL PORT—SHIFT REGISTER MODE 


SERIAL PORT WAVEFORM—SHIFT REGISTER MODE 


ee Ge : 
Me SES Rak ac Ee A ae de 
TovxH >| - TyuxH - TyHov H+ cs + TxHox TxHoz 


fu ee eo: ame ee ee 
coun ~ 2X1} bik 7 
TovxH >| [+ TxHDx 


cn) CS CD a SO ED ET 
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EXTERNAL CLOCK DRIVE 


| Symbol | Parameter | Min 
| VTouor | Oscillator Frequency | 


EXTERNAL CLOCK DRIVE WAVEFORMS 


270278-9 


A.C. TESTING INPUT, OUTPUT WAVEFORM 


2.4 
| 2.0 2.0 
*> TEST POINTS <<” 
0.8 } 0.8 
0.45 


Vou70-15 Vv 


Vo +0.15V 


270276—10 270278-11 


For Timing Purposes a Port Pin is no Longer Floating when a 100 
mV change from Load Voltage Occurs, and Begins to Float when 
a 100 mV change from the Loaded Voy/Vo, Level occurs Io,/ 
lon 2 £15 mA. 


A.C. Testing inputs are driven at 2.4V for a Logic “1” and 0.045V 
for a Logic ‘‘O0”. Timing measurements are made at 2.0V for a 
Logic “1” and 0.8V for a Logic “0”. 
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Intel 809XBH-10 PRELIMINARY | 
A/D CONVERTER SPECIFICATIONS OPERATING CONDITIONS 
A/D Converter operation is verified only on the Voc, Vpp, VREF --- +--+ eee e eee eee 5.0V +0.25V 
8097BH-10; 8095BH-10. Veo ANGNEPED. 27s. So Aa ers 0.0V 
The absolute conversion accuracy is dependent on TA wpe eansccneta en ygetets Gem crennta oC to 10°C 
the accuracy of Vrer. The specifications given be- Peer: GAGA SIrIG ook sk eeenvasvke 6.0 to 10.0 MHz 
low assume adherence to the Operating Conditions Test Conditions: 
section of these data sheets. Testing is done at Wie Goes va bet eles cere 5.120V 
Vref = 5.120V. | 
WOES fot cake ae geen CRice task a aye LES 5.0V 


Typical*(?) | Minimum | Maximum | Units** | Notes _ 


Resolution Levels 
Bits 


| AbsoluteError Error PP eSBe: pow 13x84 
en ae ee 
POOMOREN OE cae lee iS te eh | ee 
pNoml ingeriy 22 3} Sruchins| cnethe lay + On oc] aii hae Besr Leyte 
| Differential Non-Linearty | | =O | S08 | SBS | 
| Channel-to-ChannelMatching | | | S01 | LSBs | 
POOR ch tes oar OP ciate te | Fe ee 


Temperature Coefficients: 


Offset 
Full Scale 


LSB/°C 
LSB/°C 
LSB/°C 


Differential Non-Linearity 


POteeten 0 ey evoet sey Web Ta |e mao ee 
| Ripaiiectagth OT ts shart se | Oe eo alga 
| VocPowerSupplyRejection |  -60 | | |B 
input lealetanes, (ofl ie Ke ech BK 2). notion de? tang 
PSS eet Soaagig SN eee 2 ens? eae UO eee 
|SampleDely | | Toso 80 | 3Tosc +50 | ons | 1.3 
|SampleTime | | 2 Tos 50 | 12Tosc +50 | ons | 
| Sample Capackance« soca ova gy | BT opr 


NOTES: 

* These values are expected for most parts at 25°C. 

** An “LSB”, as used here, is defined in the glossary which follows and has a value of approximately 20 mV. 
1. These values are not tested in production and are based on theoretical estimates and/or laboratory tests. 
2. DC to 100 KHz. 

3. For starting the A/D with an HSO Command. 

4. Multiplexer Break-Before-Make Guaranteed. 
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A/D GLOSSARY OF TERMS 


ABSOLUTE ERROR—The maximum difference be- 
tween corresponding actual and ideal .code tran- 
sitions. Absolute Error accounts for all deviations of 
an actual converter from an ideal converter. 


ACTUAL CHARACTERISTIC—The characteristic 
of an actual converter. The characteristic of a given 
converter may vary over temperature, supply volt- 
age, and frequency conditions. An actual character- 
istic rarely has ideal first and last transition locations 
or ideal code widths. It may even vary over multiple 
conversions under the same conditions. 


BREAK-BEFORE-MAKE—The property of a multi- 
plexer which guarantees that a previously selected 
channel will be deselected before a new channel is 
selected. (e.g. the converter will not short inputs to- 
gether.) 


CHANNEL-TO-CHANNEL MATCHING—The differ- 
ence between corresponding code transitions of ac- 
tual characteristics taken from different channels un- 
der the same temperature, voltage and ih mie 
conditions. 


CHARACTERISTIC—A graph of input voltage ver- 
sus the resultant output code for an A/D converter. 
It describes the transfer function of the A/D convert- 
er. 3 


CODE—The digital value output by the converter. 


CODE CENTER—The voltage corresponding to the 
midpoint between two adjacent code transitions. 


CODE TRANSITION—The point at which the con- 
verter changes from an output code of Q, to a code 
of Q + 1. The input voltage corresponding to a code 
transition is defined to be that- voltage which is 
equally likely to produce either of two adjacent 
codes. 


CODE WIDTH—The voltage corresponding to the 
difference between two adjacent code transitions. 


CROSSTALK—See “Off-lsolation’’. 


809XBH-10 


~ PRELIRAUARY 


D.C. INPUT LEAKAGE—Leakage current to ground 
from an analog input pin. 


DIFFERENTIAL NON-LINEARITY—The difference 
between the ideal and actual code widths of the ter- 
minal based characteristic. 


FEEDTHROUGH—Attenuation of a voltage applied 
on the selected channel of the A/D Converter after 
the sample window closes. 


FULL SCALE ERROR—The difference between the 
expected and actual input voltage corresponding to 
the full scale code transition. 


IDEAL CHARACTERISTIC—A characteristic with 
its first code transition at Vij, = 0.5 LSB, its last 
code transition at Viy = (Vpaer — 1.5 LSB) and all 
code widths equal to one LSB. 


INPUT RESISTANCE—The effective series resist- 
ance from the analog input pin to the sample som sera 
tor. 


LSB—Least Significant Bit: The voltage corre- 
sponding to the full scale voltage divided by 2), 
where _n is the number of bits of resolution of the 
converter. For an 8-bit converter with a reference 
voltage of 5.12V, one LSB is 20 mV. Note that this is 
different than digital LSBs, since an uncertainty of 
two LSB, when referring to an A/D converter, equals 
40 mV. (This has been confused with an uncertainty 
of two digital bits, which would mean four counts, or 
80 mV.) 


MONOTONIC—The property. of successive approxi- 
mation converters which guarantees that increasing 
input voltages produce adjacent codes of increasing 
value, and that decreasing input voltages. produce 
adjacent codes of decreasing value. 


NO MISSED CODES—For each and every output 
code, there exists a unique input voltage pee 
which produces that code only. 


NON-LINEARITY—The maximum deviation of code 
transitions of the terminal based characteristic from 
the corresponding code transitions of the ideal char- 
acteristic. 
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OFF-ISOLATION—Attenuation of a voltage applied 
on a deselected channel of the A/D SoOVErTas, (Also 
referred to as Crosstalk.) 


REPEATABILITY—The difference between corre- 
sponding code transitions from different actual char- 
acteristics taken from the same converter on the 
same channel at the same temperature, voltage and 
frequency conditions. 


RESOLUTION—The number of input voltage levels 
that the converter can unambiguously distinguish 
between. Also defines the number of useful bits of 
information which the converter can return. 


SAMPLE DELAY—The delay from receiving the 
start conversion signal to when the sample window 
opens. 


SAMPLE DELAY UNCERTAINTY—The variation in 
the sample delay. 


SAMPLE TIME—The time that the sample window 
is open. 


SAMPLE TIME UNCERTAINTY—The variation in 
the sample time. 


SAMPLE WINDOW—Begins when the sample ca- 
pacitor is attached to a selected channel and ends 
when the sample capacitor is disconnected from the 
selected channel. 


SUCCESSIVE APPROXIMATION—An A/D conver- 
sion method which uses a binary search to arrive at 
the best digital representation of an analog input. 


TEMPERATURE COEFFICIENTS—Change in the 
stated variable per degree centigrade temperature 
change. Temperature coefficients are added to the 
typical values of a specification to see the effect of 
temperature drift. 


TERMINAL BASED CHARACTERISTIC—An actual 
characteristic which has been rotated and translated 
to remove zero offset and full scale error. 


Vcc REJECTION—Attenuation of noise on the Vcc 
line to the A/D converter. 


ZERO OFFSET—The difference between the ex- 
pected and actual input voltage corresponding to 
the first code transition. 
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FUNCTIONAL DEVIATIONS 


Functional deviations from the 809XBH on the 


809XBH-10. 4. 


CPU Section 
1. Indexed, 3 Operand Multiply—The displacement 


portion of an indexed, three operand multiply 5 


may not be in the range of 200H thru 17FFH 
inclusive, on 8X9XBH-10 parts. If you must use 
these displacements, do an indexed, two oper- 
and multiply and a move if necessary. 


2. JBS, JBC—The JBS and JBC instructions should 
not be used directly on Port 2.1 or Port 0. If it is 
necessary to test Port 2.1 or Port 0, the entire 
port should be loaded into a temporary register, 
and the bit tested there. 
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3. STicky Flag—The STicky flag is not affected 


when a shift by 0 is executed on 8X9XBH-10 
parts. 


Auto Increment Indirect, 3 Word Multiply—The 
use of these instructions may result in the loss of 
Special Function Register contents. Use an LD 
instruction and a 2 Word Multiply with Auto Indi- 
rect Addressing Mode. 


High Current on Power Up. Icc may be up to 500 
mA before the oscillator starts. 
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MCS®-96 
809X-90, 839X-90 


m 839X: an 809X with 8 Kbytes of On- m Pulse-Width Modulated Output 
Chip ROM m 232 Byte Register File 

m High Speed Pulse I/O m Memory-to-Memory Architecture 

m@ 10-Bit A/D Converter m Full Duplex Serial Port 

m@ 6.25 ws 16 x 16 Multiply u Five 8-Bit I/O Ports 

m@ 6.25 ws 32/16 Divide m Watchdog Timer 

@ 8 Interrupt Sources 


m@ Four 16-Bit Software Timers 


The MCS®-96 family of 16-bit microcontrollers consists of many members, all of which are designed for high- 
speed control functions. Members with the “—90” suffix are described in this data sheet. 


The CPU supports bit, byte, and word operations. 32-bit double-words are supported for a subset of the 
instruction set. With a 12 MHz input frequency the 8096 can do a 16-bit addition in 1.0 ws and a 16 x 16-bit 
multiply or 32/16-bit divide in 6.25 ys. Instruction execution times average 1 to 2 us in typical applications. 


Four high-speed trigger inputs are provided to record the times at which external events occur. Six high-speed 
pulse generator outputs are provided to trigger external events at present times. The high-speed output unit 
can simultaneously perform timer functions. Up to four such 16-bit Software Timers can be in operation at 
once. 


An on-chip A/D Converter converts up to 4 (in the 48-pin version) or 8 (in the 68-pin version) analog input 
channels to 10-bit digital values. This feature is only available on the 8095-90/8395-90 and 8097-90/8397-90. 


Also provided on-chip are a serial port, a watchdog timer, and a pulse-width modulated output signal. 


POWER FREQUENCY 
VREF ANGNO DOWN REFERENCE 
a 
| | 
| | 
a dae aes ha ele ! 
: CONVERTER | | 
1 
| | MEMORY l_\ controu 
| CONTROLLER|\——7/ SIGNALS 
WATCHDOG | | 
| = | 16 lPorT 3 
| . 

ADDR 
| SAS | DATA 
| | BUS 

PULSE BAUD oeeeenr ara | 
i SERIAL 

WIDTH RATE | 
| = oe 
| | 

i iT | 
€ —ee ee ee —e | ee ae ae eee eee meee ff > =e ewe eee eee aes fo fees ee > flaws «aes «aes qe al 
PORTO PORT! PORT 2 HSI SO 
ALT FUNCTIONS 
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Figure 1. Block Diagram 


October 1987 
21-59 Order Number: 270014-004 
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RXD/P2.1 
TXD/P2.0 
HSIO 

HSI1 
HSi2/HSO4 
HSI3/HSO5 
HSOO 
HSO1 
HSO2 
HSO3 
vss 

VBB 
PWM/P2.5 
WR 

BHE 
READY 
AD15/P4.7 
AD14/P4.6 
AD13/P4.5 
AD12/P4.4 
AD11/P4.3 
AD10/P4.2 
AD9/P4.1 
AD8/P4.0 


OO@OnN OW AaWDHD — 


ACHS/P0.5 
ACH4/P0.4 
ANGND 
VREF 

vPD 
EXTINT/P2.2 
RESET 


RXD/P2.1 


RESET 
EXTINT P2 
VPO 

VREF 
ANGND 
ACH4/P0.4 
ACHS/P0.5 
ACH7/P0.7 
ACH6/P0.6 
EA 


vcc 

vss 
XTALI 
XTAL2 
ALE 

RD . 
ADO/P3.0 
AD1/P3.1 
AD2/P3.2 
AD3/P3.3 
AD4/P3.4 
ADS/P3.5 
AD6/P3.6 
AD7/P3.7 
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2 
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Figure 1 shows a block diagram of the MCS-96 
parts, generally referred to as the 8096. The 8096 is 


2 available in 48-pin and 68-pin packages, with and 


without A/D, and with and without on-chip ROM. 
The MCS-96 numbering system is shown below: 


Options 68-Pin 48-Pin 
Digital | ROMLESS | 8096-90 | 
VO | ROM hai! edeneei] a4 G20 2 


Analog 
and 
Digital 
1/0 


8397-90 8395-90 


Figures 2, 3 and 4 show the pinouts for the 48- and 
68-pin packages. The 48-pin version is offered in a 
Dual-In-Line package while the 68-pin version 
comes in a Plastic Leaded Chip Carrier and a Pin 
Grid Array. 


3 


MCS®-96 
68-PIN 
PLCC 


TOP VIEW 
Looking Down on 
Component Side 

of PC Board 


27 26 29 30 31 32 33 34 35 36 37 386 39 40 41 42 43 
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Figure 3. 68-Pin PLCC Package 
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ROMLESS | 8097-90 | 8095-90 | 


PGA 


OONOaRWND — 


PLCC 


—$NOWAADN WO 


Description 


ACH7/P0.7 
ACH6/P0.6 
ACH2/P0.2 
ACHO/P0.0 
ACH1/P0.1 
ACH3/P0.3 
NMI 

EA 

VCC 

VSS 
XTAL1 
XTAL2 
CLKOUT 
TEST 
INST 

ALE 

RD 
ADO/P3.0 
AD1/P3.1 
AD2/P3.2 
AD3/P3.3 
AD4/P3.4 
AD5/P3.5 


17 
19 


21 


23 


PGA PLCC 


i? yaa €: oe 2 i “ é 
809X-90, 839X-90 


Pins Facing Down 


$8" 13°17, 9 
16 14 12 10 


MCS®-96 
68-PIN 


GRID ARRAY 


TOP VIEW 
Looking Down on 
Component Side 

of PC Board. 


38 40 42 44 46 48 SO 53 52 


37 39 41 43 45 47 #49 51 
270014-4 


Figure 4. Pin Grid Array 


Description PGA PLCC Description 


AD6/P3.6 P1.6 
AD7/P3.7 | P1.5 
AD8/P4.0 ) HSO.1 
AD9/P4.1 HSO.0 
AD10/P4.2 HSO.5/HSI.3 
AD11/P4.3 HSO.4/HSI.2 
AD12/P4.4 HSI.1 
AD13/P4.5 HSI.0 
AD14/P4.6 P14 
AD15/P4.7 P1.3 
T2CLK/P2.3 P1.2 
READY P11 
T2RST/P2.4 P1.0 
BHE TXD/P2.0 
RXD/P2.1 


PWM/P2.5 RESET 


21-61 


Per 
VBB 
VSS 
HSO.3 
HSO.2 
P2.6 
Pit 


EXTINT/P2.2 
VPD 

VREF 
ANGND 
ACH4/P0.4 
ACH5/P0.5 
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FUNCTIONAL OVERVIEW 


The following section is an overview of the 8096, the 
generic part number used to refer to the entire 
MCS-96 product family. Additional information is 
available in the Microcontroller Handbook, order 
number 210918. 


CPU Architecture 


The 8096 has 64 Kbyte addressability and uses the 
same address space for both program and data 
memory, except in the address range from OOH 
through OFFH. Data fetches in this range are always 
to the Register File, while instruction fetches from 
these locations are directed to external memory. 
(Locations OOH through OFFH in external memory 
are reserved for Intel development systems.) 


Within the Register File, locations 00H through 17H 
are register mapped |/O control registers, also re- 


INTERNAL 
REGISTER FILE 


| (RAM) | 
1AH 26 


STACK POINTER 


SP STAT 


Primers i) 
Pint penowe | 


wr oMasK 
sour mx) 


(WHEN READ) 


ao =" FF Go a OF Oo. ws @ Oo 


(WHEN WRITTEN) 


ferred to as Special Function Registers (SFRs). The 
rest of the Register File (018H through OFFH) con- 
tains 232 bytes of RAM, which can be referenced as 
bytes, words, or double-words. This register space 
allows the user to keep the most frequently-used 
variables in on-chip RAM, which can be accessed 
faster than external memory. Locations OFOH 
through OFFH can be preserved during power down 
if power is applied to the VPD pin. 


Outside of the register file, program memory, data 
memory, and peripherals can be intermixed. The ad- 
dresses with special significance are: 


OOOOH—0017H = Register-mapped |/O (SFRs) 
0018H—0019H Stack Pointer 
1FFEH—1FFFH Ports 3 and 4 
2000H—2011H Interrupt Vectors 
2012H—207FH Factory Test Code 


2080H Reset Location 


EXTERNAL MEMORY 
OR 
10 


INTERNAL PROGRAM 
STORAGE ROM 


FACTORY TEST CODE 


INTERRUPT 
VECTORS 0 


EXTERNAL MEMORY 


10 


INTERNAL RAM 

REGISTER FILE 

STACK POINTER 
SPECIAL FUNCTION REGISTERS 


(WHEN ACCESSED AS 
CATA MEMORY) 
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Figure 5. Memory Map 
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The 839x carries 8 Kbytes of on-chip ROM, occupy- 
ing addresses 2000H through 3FFFH. Instruction or 
data fetches from these addresses access the on- 
chip ROM if the EA pin is externally held at a 
logical 1. If the EA pin is at a logical 0 these address- 
es access off-chip memory. 


A memory map for the MCS-96 product family is 
shown in Figure 5. 


The RALU (Register/ALU) section consists of a 17- 
bit ALU, the Program Status Word, the Program 
Counter, and several temporary registers. A key fea- 
ture of the 8096 is that it does not use an accumula- 
tor. Rather, it operates directly on any register in the 
Register File. Being able to operate directly on data 
in the Register File without having to move it into 
and out of an accumulator results in a significant 
improvement in execution speed. 


In addition to the normal arithmetic and logical func- 
tions, the MCS-96 instruction set provides the fol- 
lowing special features: 


6.25 ws Multiply and Divide 
Multiple Shift Instructions 


3 Operand Instructions 
Normalize Instruction 
Software Reset Instruction 


All operations on the 8096 take place in a set num- 
ber of “State Times.” The 8096 uses a three-phase 
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PORT BUFFERS 


PRELIMINARY 


internal clock, so each state time is 3 oscillator peri- 
ods. With a 12 MHz clock, each state time requires 
0.25 microseconds. 


High Speed 1/0 Unit (HSIO) 


The HSIO unit consists of the High Speed Input Unit 
(HSI), the High Speed Output Unit (HSO), one coun- 
ter and one timer. ‘High Speed” denotes that the 
units can perform functions related to the timers 
without CPU intervention. The HSI records times 
when events occur and the HSO triggers events at 
preprogrammed times. di 


All actions within the HSIO unit are synchronized to 
the timers. The two 16-bit timer/counter registers in 
the HSIO unit are cleared on chip reset and can be 
programmed to generate an interrupt on overflow. 
The Timer 1 register is automatically incremented 
every 8 state times (every 2.0 microseconds, with a 
12 MHz clock). The Timer 2 register can be pro- 
grammed to count transitions on either the T2CLK 
pin or HSI.1 pin. It is incremented on both positive 
and negative edges of the selected input line. In ad- 
dition to being cleared by reset, Timer 2 can also be 
cleared in software or by signals from input pins 
T2RST or HS1.0. Neither of these timers is required 
for the watchdog timer or the serial port. 


The High Speed Input (HSI) unit can detect tran- 
sitions on any of its 4 input lines. When one occurs it 
records the time (from Timer 1) and which input lines 
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INTERRUPT & 
CONTROL LOGIC 


age - 
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BY 8 CHANGE 7 fe 
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e Pulse measurement with 2.0 sec resolution 
¢ input transitions trigger the recording of the reference 
Timer (16-Bit) and triggered input(s) (4-Bit) 


Figure 6. High Speed Input Unit 
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Figure 7. High Speed Output Unit 


made the transition. This information is recorded 
with 2 microsecond resolution and stored in an 8- 
level FIFO. The unit can be programmed to look for 
four types of events, as shown in Figure 6. It can 
activate the HSI Data Available interrupt either when 
the Holding Registers is loaded or the 6th FIFO en- 
try has been made. Each input line can be individual- 
ly enabled or disabled to the HSI unit by software. 


The High Speed Output (HSO) unit is shown in Fig- 
ure 7. It can be programmed to set or clear any of its 
6 output lines, reset Timer 2, trigger an A/D conver- 
sion, or set one of 4 Software Timers flags at a pro- 
grammed time. An interrupt can be enabled for any 
of these events. Either Timer 1 or Timer 2 can be 
referenced for the programmed time value and up to 
8 commands for preset actions can be stored in the 
CAM (Content Addressable Memory) file at any one 
time. As each action is carried out at its preset time 
that command is removed from the CAM making 
space for another command. HSO.4 and HSO.5 are 
shared with the HSI unit as HSI.2 and HSI.3, and can 
be individually enabled or disabled as outputs. 


Standard I/O Ports 


There are 5 8-bit |/O ports on the 8096 in addition to 
the High Speed |/O lines. 


Port 0 is an input-only port which shares its pins with 
the analog inputs to the A/D Converter. The port 


can be read digitally and/or, by writing to the A/D 
Command Register, one of the lines can be selected 
as the input to the A/D Converter. 


Port 1 is a quasi-bidirectional !/O port. “Quasi- 
bidirectional’ means the port pin has a weak internal 
pullup that is always active and an internal pulldown 
which can either be on (to output a 0) or off (to out- 
put a 1). This configuration allows the pin to be used 
as either an input or an output without using a data 
direction register. In parallel with the weak internal 
pullup, is a much stronger internal pullup that is acti- 
vated for one state time when the pin is internally 
driven from 0 to 1. This is done to speed up the 0-to- 
1 transition time. 


Port 2 is multi-functional port. Two.of the pins are 
quasi-bidirectional while the remaining six are 
shared with other functions in the 8096, as shown 
below: 


/Port | Function | ___ Alternate Function 


TXD (serial port transmit) 
RXD (serial port receive) 
EXTINT (external interrupt) 
T2CLK (Timer 2 clock) 

T2RST (Timer 2 reset) 

PWM (pulse-width modulation) 
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Ports 3 and 4 are bi-directional I/O ports with open 


drain outputs. These pins are also used as the multi- 
plexed address/data bus when accessing external 
memory, in which case they have strong internal 
pullups. The internal pullups are only used during 
external memory read or write cycles when the pins 
are outputting address or data bits. At any other 
time, the internal pullups are disabled. 


Serial Port 


The serial port is compatible with the MCS®-51 fami- 
ly (8051, 8031. etc.) serial port. It is full duplex, and 
receive-buffered. There are 3 asynchronous modes 
and 1 synchronous mode of operation for the serial 
port. The asynchronous modes allow for 8 or 9 bits 
of data with even parity optionally inserted for one of 
the data bits. Selective interrupts based on the 9th 
data bit are available to support interprocessor com- 
munication. 


Baud rates in all modes are determined by an inde- 
pendent 16-bit on-chip baud rate generator. Either 
the XTAL 1 pin or the T2CLK pin can be used as the 
input to the baud rate generator. The maximum baud 
rate in the asynchronous mode is 187.5 KBaud.. 


Pulse Width Modulator (PWM) 


The PWM output shares a pin with port bit P2.5. 
When the PWM output is selected, this pin outputs a 
pulse train having a fixed period of 256 state times, 
and a programmable width of 0 to 255 state times. 
The width is programmed by loading the desired val- 
ue, in state times, to the PWM Control Register. 


A/D Converter 


The analog-to-digital converter is a 10-bit, succes- 
sive approximation converter. It has a fixed conver- 
sion time of 168 state times, (42 microseconds with 
a 12 MHz clock). The analog input must be in the 
range of 0 to VREF (normally, VREF = 5V). This 
input can be selected from 8 analog input lines, 
which connect to the same pins as Port 0. A conver- 
sion can be initiated either by setting a control bit in 
the A/D Command register, or by programming the 
HSO unit to trigger the conversion at some specified 
time. 


interrupts 


The 8096 has 20 interrupt sources which vector 
through 8 locations. A 0-to-1 transition from any of 
the sources sets a corresponding bit in the Interrupt 
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RELAY 


Pending register. The content of the Interrupt Mask 
register determines if a pending interrupt will be 
serviced or not. if it is to be serviced, the CPU 
pushes the current program counter onto the stack 
and reloads it with the vector corresponding to the 
desired interrupt. The interrupt vectors are located in 
addresses 2000H through 2011H, as shown in Beg 


ure 8. 
| Vector Location | Location 
(High | (Low 
Byte) | Byte) 


Not Applicable 
7 (Highest) 


Software 
Extint 
Serial Port 
Software 
Timers 
HSI.0 
High Speed 
Outputs 
HSI Data 
Available 
A/D Conversion | 2003H 
Complete 
Timer Overflow | 2001H 0 (Lowest) 


Figure 8. Interrupt Vectors 


At the end of the terminal routine the RET instruction 
pops the program counter from the stack and execu- 
tion continues where it left off. It is not necessary to 
store and replace registers during interrupt routines 
as each routine can be set up to use a different sec- 
tion of the register file. This feature of the architec- 
ture provides for very fast context switching. 


While the 8096 has a single priority level in the 
sense that any interrupt may be itself be interrupted, 
a priority structure exists for resolving simultaneous- 
ly pending interrupts, as indicated in Figure 8. Since 
the interrupt pending and interrupt mask registers 
can be manipulated in software, it is possible to dy- 
namically alter the interrupt priorities to suit the us- 
ers’ software. 


Watchdog Timer 


The watchdog timer is a 16-bit counter which, once 
started, is incremented every state time. After 16 
milliseconds, if not cleared, it will overflow, pulling 


‘down the RESET pin for two state times, causing the 


system to be reinitialized. This feature is provided as 
a means of graceful recovery from a software upset. 
The counter must be cleared by the software before 
it overflows, or else the system assumes an upset 
has occurred and activates RESET. : 
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PIN DESCRIPTION 


vcc 
Main supply voltage (5V). 


VSS 
Digital circuit ground (OV). 


VPD 


RAM standby supply voltage (5V). This voltage must 
be present during normal operation. In a Power 
Down condition (i.e., VCC drops to zero), if RESET is 
activated before VCC drops below spec and VPD 
continues to be held within spec, the top 16 bytes in 
the Register File will retain their contents. RESET 
must be held low during the Power Down and should 
not be brought high until VCC is within spec and the 
oscillator has stablized. 


VREF 


Reference voltage for the A/D converter (5V). VREF 
is also the supply voltage to the analog portion of 
the A/D converter and the logic used to read Port 0 
as digital input. 


ANGND 


Reference ground for the A/D converter. Should be 
held at nominally the same potential as VSS. 


VBB 


Substrate voltage from the on-chip back-bias gener- 
ator. This pin should be connected to ANGND 
through a 0.01 uf capacitor (and not connected to 
anything else). 


XTAL1 


Input of the oscillator inverter and of the internal 
clock generator. 


XTAL2 


Output of the oscillator inverter. 


CLKOUT 


Output of the internal clock generator. The frequen- 
cy of CLKOUT is 14 the oscillator frequency. It has a 
33% duty cycle. 
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PRELIMINARY 


RESET 


Reset input to the chip. Input low for at least 2 state 
times to reset the chip. The subsequent low-to-high 
transition re-synchronizes CLKOUT and commenc- 
es a 10-state-time sequence in which the PSW is 
cleared and a jump to address 2080H is executed. 
Input high for normal operation. RESET has an inter- 
nal pullup. 


TEST 


Input low enables a factory test mode. The user 
should tie this pin to VCC for normal operation. 


A positive transition clears the watchdog timer, and 
causes a vector to external memory location OOOOH. 
External memory from OOH through OFFH is re- 
served for Intel development systems. 


INST 


Output high during an external memory read indi- 
cates the read is an instruction fetch. INST needs to 
be latched on the falling edge of ALE. 


EA 


Input for memory select (External Access). EA = 1 
causes memory accesses to locations 2000H 
through 3FFFH to be directed to on-chip ROM. EA 
= 0 causes accesses to these locations to be di- 
rected to off-chip memory. EA has an internal pull- 
down, so it goes to 0 unless driven to 1. EA is not 
latched internally during RESET. 


ALE 
Address Latch Enable output. ALE is activated only 
during external memory accesses. It is used to latch 


the address from the multiplexed address/data bus, 
and is placed in a low condition during reset. 


RD 


Read signal output to external memory. RD is acti- 
vated only during external memory reads. 


WR 


Write signal output to external memory. WR is acti- 
vated only during external memory writes. 
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Bus High Enable signal output to external memory. 
BHE = 0 selects the bank of memory that is con- 
nected to the high byte of the data bus. AO = 0 
selects the bank of memory that is connected to the 
low byte of the data bust. Thus accesses to a 16-bit 
wide memory can be to the low byte only (AO = 0, 
BHE = 1), to the high byte only (AO = 1, BHE = 0), 
or to both bytes (AO = 0, BHE = 0). BHE is activat- 
ed only when required during accesses to external 
memory. BHE can be ignored during read opera- 
tions. This pin must be latched on the falling edge of 
ALE. 


READY 


The READY input is used to lengthen external mem- 
ory bus cycles, for interfacing to slow or dynamic 
memory, or for bus sharing. If the pin is high CPU 
operation continues in a normal manner. If the pin is 
low prior to the first rising edge of CLKOUT after 
ALE, the Memory Controller goes into a wait mode 
until the next negative transition in CLKOUT after 
ALE occurs with READY high. The bus cycle can be 
lengthened by up to 1 xs. When the external memo- 
ry bus is not being used, READY has no effect. 
READY has a weak internal pullup, so it goes to 1 
unless externally pulled low. 


HSI 


Inputs to High Speed Input Unit. Four HSI pins are 
available: HSI.0, HSI.1, HSI.2, and HSI.3. Two of 
them (HSI.2 and HSI.3) are shared with the HSO 
Unit. , : 


HSO 


Outputs from High Speed Output Unit. Six HSO pins 
are available: HSO.0, HSO.1, HSO.2, HSO.3, HSO.4, 
and HSO.5. Two of them (HSO.4 and HSO.5) are 
shared with the HS! Unit. 


Port 0 

8-bit high impedance input-only port. These pins can 
be used as digital inputs and/or as analog inputs to 
the on-chip A/D converter. 

Port 1 


8-bit quasi-bidirectional !/O port. 


Port 2 


8-bit multi-functional port. Six of its pins are shared 
with other functions in the 8096, the remaining 2 are 
quasi-bidirectional. 


8-bit bi-directional |/O ports with open drain outputs. 
These pins are shared with the multiplexed address/ 
data bus which has strong internal pullups. 


INSTRUCTION SET 


The 8096 instruction set makes use of six address- 
ing modes as described below: 


DIRECT—The operand is specified by an 8-bit ad- 
dress field in the instruction. The operand must be in 
the Register File or SFR space (locations O000H 
through OOFFR). 


IMMEDIATE—The operand itself follows the op- 
code in the instruction stream as immediate data. 
The immediate data can be either 8-bits or 16-bits as 
required by the opcode. 


INDIRECT—An 8-bit address field in the instruction 
gives the address of a word register in the Register 
File which contains the 16-bit address of the oper- 
and. The operand can be anywhere in memory. 


INDIRECT WITH AUTO-INCREMENT—Same as 
Indirect, except that, after the operand is referenced, 
the word register that contains the operand’s ad- 
dress is incremented by 1 if the operand is a byte, or 
by 2 if the operand is a word. 


INDEXED—tThe instruction contains an 8-bit ad- 
dress field and either an 8-bit or a 16-bit displace- 
ment field. The. 8-bit address field gives the address 
of a word register in the Register File which contains 
a 16-bit base address. The 8- or 16-bit displacement 
field contains a signed displacement that will be 
added to the base address to produce the address 
of the operand. The operand can be anywhere in 
memory. 


The 8096 contains a Zero Register at word address 
0000H (and which contains 0000H). This register is 
available for performing comparisons and for use as 
a base register in indexed addressing. This effective- 
ly provides direct addressing to all 64K of memory. 


In the 8096, the Stack Pointer is at word address 
0018H in the Register File. If the 8-bit address field 
in an indexed instruction contains 18H, the Stack 
Pointer becomes the base register. This allows di- 
rect accessing of variables in the stack. 


The following tables list the MCS-96 instructions, 
their opcodes, and execution times. 
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Instruction Summary 


Oper. oe ih 
j Mremonic | OPE | operation mote) | REx ae aimes 


PADD/ADDB 1 ots 2 [Over BAt ed eto = G8 [out boat bid otd Bile gt beta] 
jADD/ADDB | 8 | Die Bt A sete hel mcepoey mel en pac oi shaving 
ABC /ADECEE | 8 | ee ee ee ane eee 
[ Sup/suee fg” | ee es Sk ae ee ee dare = Sati 
[ BUBISUBB jo da: Bib Oem Br Aen! 508 eas eal ae ee td lorem thos oP 
| SUBC/SUBCB | 2vijiDen De At Gea isces } dedeotoh welt tho] neal ino 4 
| SOMMER Be 2 YE eB Od eee rey ed ere eee 
Ra TTA I he Sad ik era cts DE Sk dB dw 
EMOLIMUL cl) Bing | BO Ste BAW LL P| | | 8 
PMULB/MULUB.| 2 | DOA eRDOAN Ro Ff | | | =) a 
OTE os a a 
Pow! S| 2 oe 0.0 2/4, D +2! <— remainder:| — [J fe top — fe 
LOWE 2. Ds (0,0. 1/4, D+ 1 <— remainder fo [ eal | et foe] So'g sg 
POW | 2 | Dit i Dr BA Di 8. <— remmaindae | eT 
pve | 2 | DD + 1A D+1 & remainder | —|—|—|2]| T]|—| 3 | 
PANDPANDE'! "] 8 “2 Bie 'Dand aE obon nal ieecbaOclo@ad ondciom batt sive 
PAND/ANDB | Sh Dee Band A” 7 SS iO] eeripiohau pteaed xen ary tin 
P ORMOB Bani: braid Bite Dotheas cet co URNS y eT Te ees ee 
EMOR/XORB | 2 | D4 DiwchogA eo sel see dy us 
PRDRODE VASA MA ATM TORN + ot coed pd Spleens seed emred VOASS 
TSN ee Eee ee ee el i oreelibeisiette cel) 
ORE ae ee i EUR a A he a eed Re ntl Moo ne 
a RE ee a ee ll One Seed a atl Ms 2 
BSH A a a 
Dia ceabaoaebad ise Sale dame Gal: rat 


PUSHF ar tenor = 2 ior). Pow; 
PSW < 0000H | = 0 


PORE A, cake, Oy piety Gk se ener t 2 Vas | Poe Te ie ee 

BSUME ise! sl icchlash Peers baieomets | ee Pe eR Le ee 
ee PE PS eb et 
BEEK 3 Boe Ribas ede Gc J ae) ace a Ss 


fet] + feces ]-[-T- eee 

PC <— PC + 11-bit offset 

Sec 5S sa Md ol aa i 
PC <— PC + 16-bit offset 

PRET PO Per OPRSR eset 

et ee 

psc 1 | umpifc=1 CUT ST | TK KK 


CN ee ile obi a eG OE oe ee rine agree 
FN DPR PR PS 1 a eld ed a a 


NOTES: 

1. If the mnemonic ends in “B’’, a byte operation is performed, otherwise a word operation is done. Operands D, B, and A 
must conform to the alignment rules for the required operand type. D and B are locations in the register file; A can be 
located anywhere in memory. 

2.D, D + 2 are consecutive WORDS in memory; D is DOUBLE-WORD aligned. 

3. D, D + 1 are consecutive BYTES in memory; D is WORD aligned. 

4. Changes a byte to a word. 

5. Offset is a 2’s complement number. 
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Instruction Summary (Continued) | 


Oper odie 
eb ee ee 


ie ft | eee tt | ae | heel eee 
(ee a Ne Ca) del |i eo le 
ih So Seto dl ee oe | Ge el beet oa pes 
rset SS*~Ct ‘| SumpitN = and z= 0 Ea Ea 21S Ce RE TSE 
pei it‘ dummpitN = tor = 1 Say wisa pets Me a Ree Bg 
Jumpif = tandZ= 0 Pe (GN NOE SH WN BE 
PINK t (| umpit = 00rz = 1 2 Sg ee 8 PE POG Tg 
RRS BS a ee os. Se CE Es 2 ae 
an oon apa Fe ee eel — ae 
DL ieee aa Os Jee TTS cee ae A De eo ee ce 
a ES ee ees Se Oe ed ee Re a 
FE Pa DE TE er ee es eB ee 
PUBST Spt Cp aa a eee pele te eS eee eee er ae 
Bsr tl Lom eedee=t a Pl ee 
JBC ie Sp Jump if Specified Bit = 0 es ee fs ee eee ee 
pm | pete tetra” |||] [| 
PC <— PC + 8-bit offset 
Bi 2 2 EUR ES: a I NF eS 
SS Re GE Cee a ee ee 
EIS -LLS Rae eS ROS Te: ea eee ee Ea OS 
PER AS a eee to Signi) bee ed Og be ee 
Fae ae Se: ae Ce Se 
|NoT/NOTB | 1 | D = LogicalNot(>) tT TH | Of ot;—~|—] 
OUR ed) Ore Or ee Oe ee 
|SHL/SHLB/SHLL | 2 | C <— msb—-—-—-~— Eee me dis adage Oe oe oe 
[SHR/SHRB/SHRL | __2_| 0 —> msb————— eo fefeie lato el to 
| SHRA/SHRAB/SHRAL | __2__| msb —> msb————— sr: Se cs Sel Bn Ceca ct A 
FETS cS a SR cee ae FOR 2” rene tn ee a So (raat Ba lras wre, ns Moe 
Fa Ee eles oa eee da Dy le ee eo 
Pee aa NR SEE 2 Te ce ep oe are EF Se ee es 
DA a a oe ey rer le Sa PES EO BE 22 2 


Coe a i a a ee ee ee 
[eoer eee ae a eT eee ce) SMM Met la et Clea eel eh OE 
EA ae ack OE TY Pe ea ae fe ela coral ce 8 eee oa 
RS ER SN Ee ae ee ee eed 
|NORML | 2 | Left Shift Till msb = 1; < shiftcount | ~ | 2? | 0 |—~|—|—| 7 | 


TRAP SP <— SP — 2;(SP) <— PC 
PC < (2010H) 


NOTES: 

1. If the mnemonic ends in “B’”’, a byte operation is performed, otherwise a word operation is done. Operands D, B, and A 
must conform to the alignment rules for the required operand type. D and B are locations in the register file; A can be 
located anywhere in memory. 

5. Offset is a 2’s complement number. 

6. Specified bit is one of the 2048 bits in the register file. 

7. The “L” (Long) suffix indicates double-word operation. 

8. Initiates a Reset by pulling RESET low. Software should re-initialize all the necessary registers with code starting at 
2080H. 

9. The assembler will not accept this mnemonic. — 
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Fie. ad 21_ | @ | 4| 23/28 | 4 | 24/29 | @ | 5 | 23/28 | 6 | 24/29 | 
E @ 22_| @ |5| 2429 | 5 | 25/30 | @ | 6 | 24/29 | 7 | 25/30 | 
| 26 | 8E | 3 | 28/32 | 3 | 29/33 | 8F | 4 | 28/32 | 5 | 29/33. 
DivuB | 2}9c}3| 17 |9p]3] 17 | 9B] 3} 20/24 | 3 | 212s | oF | 4 | 20/24 | 5 | 21/25 | 
piv | 2) e@]4| 2% Tots! 30 | @ | 4] 336 | 4] 3337 | @ | 5 | 32/36 | 6 | 33/37 | 
pve | 21 @]4] 2 [ols] 2 | @ [4] 2428 | 4] 259 | @ | 5 | 24/28 | 6 | 25/29 | 
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Lai 27_| 4E | 4 | 28/33 | 4 [6 | 29 
17 20/25 | 7F | 4 | 19/24 | 5 | 20725 
MULUB | 3 |sc{4|_18 | sp | 4 20/25 | 4 | 21/26 | SF | 5 | 20/25 | 6 | 21/26 | 
MuL_ [2] @ 4/29 |@|s5] 30 | @ | 4 | 3136 | 4] 32/37 | @ | 5 | 3136 | 6 | 32/37 
Re Rc en be 31_| @ | 5 | 3237 | 5 | 33738 | @ | 6 | 32/37 
[21 @ [a 
il 


5 


= 

Cc 

rE 

Ww 

iS) 

Nn 

=) 
Blelele|els 
anna 


NOTES: 
* Long indexed and Indirect + instructions have identical opcodes with Short indexed and Indirect modes, respectively. The 


second byte of instructions using any indirect or indexed addressing mode specifies the exact mode used. If the second byte 
is even, use Indirect or Short Indexed. If it is odd, use Indirect+ or Long Indexed. In all cases the second byte of the 
instruction always specifies an even (word) location for the address referenced. 

1. Number of state times shown for internal/external operands. 

2. The opcodes for signed multiply and divide are the opcodes for the unsigned functions with an “FE” appended as a 
prefix. 

3. State times shown for 16-bit bus. 
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3 
DIRECT INDIRECT INDEXED 
NORMAL — [AUTOING 


OPERANDS 


LOGICAL INSTRUCTIONS 


AND | 2 [60/3] 4 [ola] 5 |[-o2[3] oar [3] m2 | 63] 4] oni [5] 712_ 
AND | 3 [40/4] 5 [ai[s] 6 | 42/4] m2 [4] a3 | 43 |5] 712 [6] 813_ 
ANDB | 2} 70/3] 4 [7[3{ 4 | 72/3] oat [3] m2 | 73 [4] oi [5] 712_ 
|ANDB | 3 |so{4|] 5 [sila] 5 | s2{a] m2 [4] a3 | 53}5] 712 [6] 213_ 
jor | 2}s0}3] 4 [sijat 5 | s2]3f oa [3] m2} a3 |4} oni [5] 712_ 
ORB | 2}90/3{ 4 [a1 [3] 4 | 92)3] oi [3] m2 [93 [4] oni [5] 72 | 
xOR | 2} a4{3| 4 [as{a] 5 | 86[3] oii [3{ m2 | s7[4] oni [5] m12_ 
xorB | 2| 94/3] 4 [95]3] 4 | 96/3] oa [3] m2 for fa} on [5] m2 | 
DATA TRANSFER INSTRUCTIONS 
up| 2taot3| 4 fara] 5s | a2]3] oar [3] m2 [asia on [5] 72_ 
pp | 2} Bol3| 4 [Bil3] 4 | B2{3] oat |3| m2 |B3la{ oni [5] m2_ 
st} 2 tools] 4 | —|—| — | ef 3] mi [3] sa2 [osfa] mi [5] sae 
sm | 2} c4{3] 4 |—|—| — | co] 3] mi [3] saz [o7r[a{ mi |s] sa2_ 
LppsE | 2|Bc|3| 4 |BD|3{ 4 | BE{3| ot |3| 712 |BFI4| oi | 5] 72 | 


ILDBZE | 2} AC{3| 4 |aD|[3| 4 | AE|3| oi [3] 712 [AF| 4] oi [5] 7/12_ 
STACK OPERATIONS (internal stack) 
PUSH | ifcs{2| 8 |co{3| 8 | cal2| iis | 2] 1216 | cB] 3] 1s | 4{ 1216 
Pop. | i {cc]2] 12 | — |—| — | ce[2] 14s | 2] 148 | ce] 3 | 14s | 4 | 14s 
PRT ate tO ME ae Sees a cae SE aa a Le ae a Ae 
Fic ome 19 ak Se, Ny Nes es SE era, Raed SORE PG ys eon 
PUSH | i [cs}2] 12 |c9{3{ 12 | CA] 2] 159 | 2] 16/20 | cB 3| 15/19 | 4| 16/20 
POP | 1 jcc}|2| 14 | — |—| — | cE]2| 1620 | 2| 16/20 | cF] 3 | 16/20 | 4| 16/20 
Frere ee Se as ae ee Se ee a a ee es 


|MNEMONIC | OPCODE | BYTES | STATES | MNEMONIC | OPCODE | BYTES | STATES 
Fo RS Fa (a a eT 2 aa a ee ee SE 
SIMP_ 20-27 | 2] 8 SCALE -r® | 236 
Oe ee ee el ee ed eee 
TRARO Rk Rea 
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NOTES: 

1. Number of state times shown for internal/external operands. 

3. The assembler does not accept this mnemonic. 

4. The least significant 3 bits of the opcode are concatenated with the following 8 bits to form an 11-bit, 2’s complement, 
offset for the relative call or jump. 

5. State times for stack located internal/external. 
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Conditional Jumps 


LOOP CONTROL 
DJNZ OPCODE EO; 3 BYTES; 5/9 STATE TIMES (NOT TAKEN/TAKEN) 


Single Register Instructions 


temic | “Oneode | syes | sts | nemone [open 
Gaeer es 3 


eS ee ee aed 
ee eee ee ee 
ea ee er 
eS es ee ee 
Ree SE Ee 
By 7 eee eee 


| Word | | _Byte | __ instr 
s 7 State Times 


a 7.1 PERSHIETO 
Tse | 08 7 1 PER SHIFT 
3 7 + 1 PER SHIFT(7). 


[ements [opeode [eyes [states | wnemonc | Opeode [Bytes [stats 
Ce ee LR 
abcd 


Normalize 
ee eee State Times 


NOTES: 

6. This instruction takes 2 states to pull RST low, then holds it low for 2 states to initiate a reset. The reset takes 12 states, 
at which time the program restarts at location 2080H. 

7. Execution will take at least 8 states, even for 0 shift. 
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FUNCTIONAL DEVIATIONS | 


Functional deviations from the 809x and seal on the 
809x-90 and 839x-90. 


CPU Section 


1 


. Indexed, 3 Operand Multiply—The. displacement 


portion of an indexed, three word multiply may not 
be in the range of 200H thru 17FFH inclusive. 
This also applies to byte multiples that use 3 oper- 
ands. 


. Add or Subtract with carry—The zero flag is both 


set and cleared by these instructions. Zero check- 
ing must be done after each operation. 


. EXT—This instruction never sets the N flag, and 


always sets the Z flag. The EXTB works correctly. 
Check the flags before executing an EXT instruc- 
tion. Additionally, having more than two wait 
states during an EXT (extend word only) instruc- 
tion may cause the instruction to give an incorrect 
result. 


. Read-Modify-Write on Interrupt Pending—A read- 


modify-write instruction on the interrupt pending 
register may cause interrupts that occur during 
execution of the instruction to be missed. 


. READY line—The READY line should not be 


brought low during the execution of an instruction 
that accesses HSI__TIME, SP__STAT or IOS1. It 
should also not be brought low for a data write 
during the instruction immediately preceding one 
of the above operations. Do not use wait states 
for program memory that holds these instructions. 
Also place a NOP between writes to slow memory 
and accesses to HSO__TIME, SP__STAT or 
1OS1. 


The READY line also should not be brought low 
for more than two state times when using the EXT 
(extend word) instruction. 


. Signed Divide—The V and VT flags may indicate 


an overflow after a signed divide when no over- 
flow has occurred. 


. The sticky flag is not affected when a shift by zero 


is executed on an 8X9X-90. 


. The JBS and JBC instructions should not be used 


directly on Port 2.1 or any pins of Port 0 if used as 
digital input. If it is necessary to test these pins, 
first LD the port data into a temporary register, 
and then test the bit there. 


HSI/HSO Section 


1. 


HSI Timing—An event occurring within 16 state 
times of a prior event on the same HSI line may 
not be recorded. Additionally, an event occurring 
within 16 state times of a prior event on another 
HSI line may be recorded with a time tag one 
count earlier than expected. Events are defined 
as the condition the line is set to trigger on. The 
effective resolution is increased to 4 ps for such 
closely spaced events. 


. HSI Divide by 8 Mode—lf an event on a pin set to 


look for every eighth transition occurs less than 
16 state times after an event on any other pin, 
then the divide by 8 event will be recorded twice 
in the HSI FIFO. The time tag of the duplicate 
FIFO entry will be equal to that of the initial entry 
plus one. The programmer’s software should de- 
tect and discard the second entry. 


. HSO Interrupts—Software timer interrupts cannot 


be generated by the HSO commands that reset 
Timer 2 or start an A to D conversion. 


. The first few instructions of an interrupt service 


routine should check |0S1.7 and exit if the Hold- 
ing Register is not loaded. This will successfully 
clear unwanted events. 


Serial Port Section 


iP 


Serial Port Flags—Reading SP__STAT may not 
clear the TI or Ri flag if that flag was set within 
two state times prior to the read. In addition, the 
parity error bit (RPE/RB8) may not be correct if it 
is read within two state times after RI is set. 


Use the following code to replace ORB sp__image, 
SP__STAT. 


SP_READ : 
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LDB TEMP, SP_STAT 

ORB SP_IMAGE, SP_STAT | 

JBS TEMP ,5,S5P.READ ; if TI bit is.-set 
; then read again 

JBS TEMP,6,SP_READ ; if RI bit is set 

; then read again 

ANDB SP_IMAGE,#7FH ; clear false 

; RB8/RPE 

; load correct 


; RB8/RPE 


ORB SP_IMAGE, TEMP 


. Serial Port Mode 0—The serial port is not tested 


in mode 0. The receive function in this mode does 
not work correctly. The receive function will not 
work unless the first bit shifted in is a one. 


| PRELIMINARY ae 
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3. Serial Port Baud Value—Loading the baud rate 
register with 8000H (maximum baud rate, internal 
clock) may cause an 11 millisecond delay (at 
Fosc = 12 MHz) before the port is properly initial- 
ized. After initialization the port works properly. In- 
clude a 44000 state time delay after writing 
8000H to the Baud Rate Register. 


Standard I/O Section 


1. Ports 3 and 4 (Internal Execution Mode Only)—To 
be used as outputs, Ports 3 and 4 each must be 
addressed as words but written to as bytes. To 
write to Port 3 use “ST temp, 1ffeh’”, where the 
low byte of “temp” contains the data for the port. 
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To write to Port 4, use the DCB operator to gener- 
ate the opcode sequence ‘“OC3H, 001H, OFFH, 
01FH, (temp)’’, where the high byte of “temp” 
contains the data for the port. Ports 3 and 4 will 
not work as input ports. 


Also, when writing to Ports 3 and 4, the address of 
the port, (1FFEH, 1FFFH) will appear on the bus 
pins for 2 oscillator periods before the new data is 
presented to the pins. Since normal bus control 
signals (ALE, RD, etc.) are suppressed during 
writes to these addresses, there is no way to latch 
the data and prevent this address “glitch” to the 
outside world. If this presents a problem in an ap- 
plication, port reconstruction must be done at an- 
other address as described in the MCS-96 Hard- 
ware Design Information Chapter. 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias ....0°C to + 70°C 
Storage Temperature .......... — 40°C to + 150°C 
Voltage from Any Pin to | 


809X-90, 839X-90 


*Notice: Stresses above those listed under “‘Abso- 
lute Maximum Ratings”’ may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 


FF nd Oe a a ae as 


Op me 


PRELIMINARY 


Vos 0 ANGRD ek osaxy oaae —0.3V to + 7.0V : a 
posure to absolute maximum rating conditions for 
Average Output Current from Any Pin eee ee @ 10 mA extended periods may affect device reliability. 
POW6r LISSIOAUON 4 6c oa cesaks si ewww 1.5 Watts 


NOTICE: Specifications contained within the 
following tables are subject to change. 


OPERATING CONDITIONS 


|__ Symbol | | Min 
| Ta ____i|_—_ Ambient Temperature UnderBias | 0 
| Vrer _—|_——AnalogSupplyVoltage | 4S 
Penge Ft aactiidterrremiegoy 5 Sr Se eek te | 
| Vep____—i|__—-Power-Down Supply Voltage | 4.50 | 5.50 | 
NOTE: 


Vep should be connected to ANGND through a 0.01 wF capacitor. ANGND and Vss should be nominally at the same 
potential. 


D.C. CHARACTERISTICS 


Input High Voltage (Except RESET, NMI, XTAL1) ‘ 
input High Voltage, RESET Rising oa Meeah0.6:| Vi | caine 
input High Voltage, RESET Falling Xt a ee Oe ak See 


Output Low Voltage 


Output High Voltage 
All Outputs 
Disconnected 


1 Normal operation 
and Power-Down 


Vrer Supply Current 


ly Input Leakage Current to all pins of HSI, 
P3, P4, and to P2.1 


1 


—100 Vit = 0.45V 


Vi, = 0.45V 


Input Low Current to all pins of P1, 
and to P2.6, P2.7 


pF 
NOTES: 


1. lo. = 0.4 mA for all pins of P1, for P2.6 and P2.7, and for all pins of P3 and P4 when used as ports. Io, = 2.0 mA for 
TXD, RXD (in serial port mode 0), PWM, CLKOUT, ALE, BHE, RD, WR, and RESET and all pins of HSO and P3 and P4 
when used as external memory bus (ADO-AD15). 

2. loH = —20 pA for all pins of P1, for P2.6 and P2.7. loy = —200 pA for TXD, RXD (in serial port mode 0), PWM, 
CLKOUT, ALE, BHE, WR, and all pins of HSO and P3 and P4 when used as external memory bus (ADO—AD15). P3 and P4, 
when used as ports, have open-drain outputs. 


sai 
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A/D CONVERTER SPECIFICATIONS |. 


A/D Converter operation is verified only on the 
8097, 8397, 8095, 8395. 


The absolute conversion accuracy is dependent on 
the accuracy of VREF. The specifications given be- 
low assume adherence to the Operating Conditions 
section of these data sheets. Testing is done at 
VREF = 5.120V. 


A.C. CHARACTERISTICS 


Resolution............ cited at Mees oo +0.001 VREF 
PEPOGY sons cease eens vedo nnres ss + 0.004 VREF 
Differential nonlinearity......... + 0.002 VREF max 
Integral nonlinearity............ +0.004 VREF max 
Channel-to-channel matching ............ +1LSB 
Crosstalk (DC to 100 KHz) ........... —60 dB max 


(VCC, VPD = 4.5 to 5.5 Volts; Ta = 0°C to 70°C; fosc = 6.0 to 12.0 MHz) 
Test Conditions: Load Capacitance on Output Pins = 80 pF 


Oscillator Frequency = 12.00 MHz 


TIMING REQUIREMENTS (Other system components must meet these specs.) 


TRXDZ 


RD/Inactive to Input Data Float(2) 


TIMING RESPONSES (MCS-96 parts meet these specs.) 


| iy pe pPerameter: <0] lin SSSI oe clan is 

| OscillatorFrequency = | 6.00 1200 | MHz, | 
| OscitiatoePetod. vf | O81 ik ret OBig. 
| Oscillator High toCLKOUTHigh®) | | 120 


FXTAL 
Tosc 
TOHCH 
TCHCH 
TCHCL 
TCLLH 
TLLCH 
TLHLL 
TAVLL 
TLLRL 


=|3\S|F 
aaah 


NOTES: 


TYLYH Non-ready Time ake pcre, ec eee 1000 | aeAstce 


2 Tosc+ 40 . 4Tosc—60(1) 


TAVDV Address Valid to Input Data Valid 
TRLDV RD/Active to Input Data Valid 


TIRES Foe 
TRXDX Data Hold after RD/inactive(2) i ee 


RO CLMOUT Laweto ALE Oligh 19 2c)" Soe Te 
| Address SetuptoEndof ALE | Tosc—50 | 
| End of ALEtoRD/orWR/ Active | Tosc-20, | 
| AddressHoldAfterEndofALE | Tosc—20, | 
. oo ba lee Width 2 Lh le ae eee Jeg Oe a 

| OutputDataSetuptoEndofWR/ | 2Tosc—60_ | 
| OutputDataHold AfterEndofWR/ | Tosc—25 | 
|. -TWXLH | EndofWA/toNextALE | 2Toso—30. J 
| TRLRHY J" RO? Pulse Width oj |B Tose ade fe 
Lia THEE “Sena ie Met Abe 2c oO Toa eee en eee 


5Tosc — 90 


1. If more than one wait state is desired, add 3Tosc for each additional wait state. 

2. This specification is not tested, but is verified by design analysis and/or derived from other tested parameters. 

3. CLKOUT is directly generated as a divide by 3 of the oscillator. The period will be 3Tosc +10 ns if Tosc is constant and 
the rise and fall times on XTAL 1 are less than 10 ns. CLKOUT is not bonded out on 48-pin parts. 
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Bus Signal Timings 
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ADVANCE INE 


—  MCS®-96 
809XBH/839XBH/879XBH 
Express 


m@ Extended Temperature Range @ Burn-in 
(— 40°C to + 85°C) | 


The Intel EXPRESS system offers enhancements to the operational specifications of the MCS®-96 family of 
microcontrollers. These EXPRESS products are designed to meet the needs of those applications whose 
operating requirements exceed commercial standards. 


The EXPRESS program includes the commercial standard temperature range with burn-in, and an extended 
temperature range with or without burn-in. 


With the commercial standard temperature range operational characteristics are guaranteed over the temper- 
ature range of 0°C to + 70°C. With the extended temperature range option, operational characteristics are 
guaranteed over the range of — 40°C to +85°C. 


The optional burn-in is dynamic, for a minimum time of 160 hours at 125°C with Vcc = 5.5V +0.5V, following 
guidelines in MIL-STD-883, Method 1015. 


Package types and EXPRESS versions are identified by a one- or two-letter prefix to the part number. The 
prefixes are listed in Table 1.. 


This data sheet specifies the parameters for the extended temperature range option. The commercial temper- 
ature range data sheets are applicable otherwise. 


POWER FREQUENCY 
VREF ANGND DOWN REFERENCE 


8K BYTE 
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TIMER J FILE 'TTIMER2| 116 "PORT 3 
ees SZ irre © 
ay Aart ADDR 
' DATA 
eM ar (cee 
BAUD 
ae RATE HIGH PORT 4 
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PORTO PORT 1 PORT 2 H 
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ELECTRICAL CHARACTERISTICS *Notice: Stresses above those listed under “Abso- 
ABSOLUTE MAXIMUM RATINGS* lute Maximum Ratings’ may cause permanent dam- 


age to the device. This is a stress rating only and 
Ambient Temperature Under Bias . — 40°C to + 85°C functional operation of the device at these or any 
Storage Temperature .......... —40°C to +150°C other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 


Voltage from Vpp or EA posure to absolute maximum rating conditions for 


ko ¥SS sad jyists bua Apocs eet icssinhclean ilk saad extended periods may affect device reliability. 
Voltage from Any Other Pin to 

Vss or ANGND .............. —0.3V to +7.0V" = NOTICE: Specifications contained within the 
Average Output Current from Any Pin ....... 10 mA following tables are subject to change. 
Power Dissipation................. jeri EL a 1.5W 


*This includes Vpp on ROM and CPU devices. 


OPERATING CONDITIONS 


ee 
[tx |_Ambiont Temperature UnderBias [40+ +5 ~~ Oo 
Ves Diatalply Vonage deo pe RBO ST oe vee 
[Vacs | Analog Supply Votage——~=~«dt=SCtiaSO «dCs 
tee | Oa ae ee 
[Veo | Power-Down SupplyVotage =| 4so—=«~isso dS 


NOTE: 
ANGND and Vsg should be nominally at the same potential. 


D.C. CHARACTERISTICS (Under listed operating conditions) 


[Symbol| Parameter |S Min’ | Max __| Units | Test Conditions 
Voc Supply Current (— 40°C < Ta < +85°C) | |. 270 | mA_| All Outputs 
Vcc Supply Current (Ta = +85°C) RSey St ae mA | Disconnected. 


and Power-Down. 
Were |VicrSapwOwet ¢ | AO | 
[Vi | InputLow Voltage (ExceptRESET) ———SSSC«d| 0 | tos | Vv | 
Siete) ieee Nee SORMDa Re Oe eer Me a 
[Vin | Input High Voltage (ExceptRESET. NMLXTAL1) __—+| 20 [Voctos| Vv | 
[Vins | Input High Voltage, RESETRIsing Sd | Voc 405] Vv 
[Vine | InputHigh Voltage, RESET FalingHystoresis =| 2.1 | Voc +05] V_| 
[Ving | inputHigh Voltage, NMLXTAL! «28 [Veo t05| V | 
[ius | Input Leakage Current io each pin of HSI,PS,P4,andtoP2t.[ | +10 | wA [Vn=OtoVoo _ 
Flu | ©..InputLeakage CurrentioeachpinotPo | | +8 (BA | Vin =0t0Voo_| 


lie Input Low Current to each pin of P1, PA | Vit = 0.45V 
and to P2.6, P2.7. 

Input Low Current to RESET /-0.25] -2 | mA | Vit = 0.45V 

Input Low Current P2.2, P2.3,P2.4,READY,BUSWIDTH | | —50 | pA | Vy = 0.45V 


VoL Output Low Voltage on Quasi-Bidirectional V lo. = 0.8 mA 
port pins and P3, P4 when used as ports (Note 1) 

Vou Output Low Voltage on Quasi-Bidirectional 0.75 V lo. = 2.0mA 
port pins and P3, P4 when used as ports (Notes 1, 2, 3) 

VoL2 Output Low Voltage on Standard Output 0.45 V lo. = 2.0 mA 
pins, RESET and Bus/Control Pins (Notes 1, 2, 3, 4) 
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D.C. CHARACTERISTICS (Continued) 
ee ee eee ees 


Output High Voltage on Quasi-Bidirectional ica 
pins 
VoH1 Output High Voltage on Standard Output 
pins and Bus/Control pins 


Output High Current on RESET 


2.4 
24 


Vou = 2.4V 
Pin Capacitance (Any Pin to Vss) fTEST = 1.0 MHz 
NOTES: 


1. Quasi-bidirectional pins include those on P1, for P2.6 and P2.7. Standard Output Pins include TXD, RXD (Mode 0 only), 
PWM, and HSO pins. Bus/Control pins include CLKOUT, ALE, BHE,-RD, WR, INST and ADO-15. 
2. Maximum current per pin must be externally limited to the following values if Vo, is held above 0.45V. 
loL on quasi-bidirectional pins and Ports 3 and 4 when used as ports: 4.0 mA 
lo, on standard output pins and RESET: 8.0 mA 
lot on Bus/Control pins: 2.0 mA 
3.During normal (non-transient) operation the following limits apply: 
Total lo, on Port 1 must not exceed 8.0 mA. 
Total Io, on P2.0, P2.6, RESET and all HSO pins must not exceed 15 mA. 
Total Io, on Port 3 must not exceed 10 mA. 
Total lo, on P2.5, P2.7, and Port 4 must not exceed 20 mA. 
4. lo, on HSO.X (X = 0, 4, 5) = 1.6 mA @ O.5V. 


A.C. CHARACTERISTICS (Under listed operating conditions) 


Test Conditions: Load Capacitance on Output Pins = 80 pF 
Oscillator Frequency = 10 MHz 


TIMING REQUIREMENTS (Other system components must meet these specs.) 


is 
a aris 
Tu | End ot ALE/ADVto READY vai | «Tose =70 [ne 
[Tum | End of ALE/ABVto READY vigh | 2Tosov40 | eToso—80 | ne 
eer se 
[stose—120 [ne 
eee 

eo 

facies 

: Dime 

aa 

en 


| Tuex( | BUSWIDTHHoldatter ALE/ADVLow | Toso +40 | 
ALE/ADV Low to BUSWIDTH Valid Pee ha, oa gees Pe 


NOTES: 

1. If the 48-pin part is being used then this timing can be generated by assuming that the CLKOUT falling edge has occurred 
at 2Tosc+ 55 (TLLCH(max) + TCHCL(max)) after the falling edge of ALE. 

4. Pins not bonded out on 48-pin parts. 

6. The term “Address Valid” applies to ADO-15, BHE and INST. 


RD Active to Input Data Valid , ay 3Tosc —100 
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A.C. CHARACTERISTICS (Continued) 


TIMING RESPONSES (MCS-96 parts meet these specs.) 


| Symbol | Parameter | Min’, =| Max | Units 
| Feta | OscilatorFrequency | | 120M 
Oem ira meee armies Sener ere Oe Cree ees ee ae 
| Toon | _XTALI Rising Edge to ClockoutRisingEdge | 0 | 120 | ns 
| Tonon | CukOUTPeriod® | Tose) | aTosol®) | ns 
| Ton | CLKOUTHighTime | Tose 95 | Tosc+10 | ns 
| Town | CLKOUTLowtoALEHigh | 20 | +25 ns 
| Tucn | ALE/ADVLowtoCLKOUTHigh | Tosc—25 | Tosc+45 | ns 
| Tue | ALE/ADVHigh Time | Tosc90_| Tosc+356) | ns 
| Trav | Address SetuptoEnd of ALE/ADV | Tosc—50_ | 
| Truaz™ | RDorWRLowtoAddressFloat | 


ene ere 
eS: 
| Tuax” | Address Hold after End of ALE/ADV | Tose-40 | 
Tyo | Wise White | atpecag | 
Output Data Valid to End of WR/WRL/WRH Rel ee eae 
| TwHox | OutputDataHold after WR/WRL/WRH | Tose-50 | 
| Twuun | EndofWR/WRL/WRH to ALE/ADVHigh | Toso-75 | 
. ees car: 

i eee 


to WR 


NOTES: 

2. If more than one wait state is desired, add 3Tosc for each additional wait state. : 

3. CLKOUT is directly generated as a divide by 3 of the oscillator. The period will be 3Tosc + 10 ns if Tosc is constant and 
the rise and fall times on XTAL1 are less than 10 ns. 

4. Pins not bonded out on 48-pin parts. neki. 

5. Max spec applies only to ALE. Min spec applies to both ALE and ADV. 

6. The term “‘Address Valid” applies to ADO-15, BHE and INST. 

7. The term ‘‘ Address” in this definition applies to ADO-7 for 8-bit cycles, and ADO-15 for 16-bit cycles. 
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intel ~gxexsHexpress § ADVANCE INF 


WAVEFORM 


ToHCH 


ToucH—> k- l+-Tosc-| 


TLLCH 
CLOCKOUT 
TcHCL Tou 
CLLL 
TeLyx 
READY 3 ‘VALID |,” 
(3) \ Tout TLLY TyLYH 
eek ee @ @ T @2e @@eq@eeqeqeesaee@ @ @& 
ALE, ADV re LLYH / * 
TLHLL TLLERL Tacos TRHLH 
T May oct 
T T RHDX 
AD {) ADDR OUT = (| DATAINN : : 
\ | pana RLAZ eeeae @eeeeae dé 
= Tavov TWHLH 
LLH THLHH 


TWHOX 


AD ({ abdpRoutT |X DATA OUT > 


é 
eeaeaoeaenaeeen & 
T 


BHE, INST \ VALID /', 
e®eeaeewoeeaeaneeeeee 
Tavtn Ti Twuex 
1 e@geaeeweaeaoeeacaeeaeso 
18 ( VALID ye 


270433-2 


NOTES: 

(1) 8-bit bus only. 

(2) 8-bit bus; or when write strobe mode selected. 
(3) When ADV selected. 
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8X9XBH EXPRESS _ 


WAVEFORM—BUSWIDTH PIN 


CLKOUT / \ / \ / \ 


Tavev 


BUSWIDTH aa se: 


TLLGv 
ALE / ADV TLLGX 
TAVLL 


ADDRESS / DATA {| ADDR OUT DATA IN 
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A.C. CHARACTERISTICS—SERIAL PORT—SHIFT REGISTER MODE 


SERIAL PORT TIMING—SHIFT REGISTER MODE 
Test Conditions: Ta = 0°C to + 70°C; Vcc = 5V +10%; Vssg = OV; Load Capacitance = 80 pF 


oe re pee ae ee 
[SerialPort GiockPerod ———SSSSCS~*~dtC*«‘a Ts | 


Next Output Data Valid After Clock Rising Edge | 
input Data Setupto CockRising Edge | Toso F200 | 
[Tyeiox | put Data Hold After Clock Risingedge fo 
Tywioz | Last Clock Risingto OutputFioat «| —SSSS*dtSCSC Tg 


WAVEFORM—SERIAL PORT—SHIFT REGISTER MODE 


2Tosc +50 


| Units 

fii Se 

ere 

I Sie meita as Bee 

| Output Data Hold After Clock RisingEdge | 2Tosc- 50 | | 
| 2Tosc +50 | ns 

aay 

ee 

mee 


SERIAL PORT WAVEFORM—SHIFT REGISTER MODE 


Po Tyg, 
wee 1 a ee ae ee ae a ee 
TovxH | -- TxuxH> ie TxHov b> | [> TxHox TxHoz—~ % 


(out) eas Rica 8 lac ir aa -adaane cacao 
TovxH >| I TxHpx 
CIN) = PNALIOX__XVALIOX—XVALIOK—XVALIDX —XVALIDX—XVALIDX —XVALIDX——_XVALIO) 
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EXTERNAL CLOCK DRIVE 


[symbol [Parameter [win [Max [Units 
| WToror | OscillatorFrequency | | 2 | 
a ea eS a ee 
SRR aceasta ee ec een ee een Me ie 
L  Toups he eaaedine 2 Ge bee Ie 
a ae aaa ee ee 


EXTERNAL CLOCK DRIVE WAVEFORMS 
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A.C. TESTING INPUT, OUTPUT WAVEFORM FLOAT WAVEFORM 


Vioapto-15V 


2.4 ’ 
> Nest POINTS << Piety Tey Vn, #0.15V 
ee 0.8 0.8 Loap™0- oy tO. 


270433-6 a5 ee, _ 270433-7 
A.C. Testing inputs are driven at 2.4V for a Logic “1” and 0.45V For Timing Purposes a Port Pin is no Longer Floating when a 100 
for a Logic “0”. Timing measurements are made at 2.0V for a mV change from Load Voltage Occurs, and Begins to Float when 
Logic “1” and 0.8V for a Logic “0”. a 100 mV change from the Loaded Voy4/Vo, Level occurs Io,/ 
lon 2 +15 mA. 
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A/D CONVERTER SPECIFICATIONS The absolute conversion accuracy is dependent on 


the accuracy of Vref. The specifications given be- 


A/D Converter operation is verified only on the low assume adherence to the Operating Conditions 
8097BH, 8397BH, 8095BH, 8395BH, 8797BH, section of these data sheets. Testing is done at 
8795BH. Vrer = 5.120V. 


Typical*() | Minimum | Maximum | _Units** | Notes _ 


Resolution 1024 1024 Levels 
poet poeneenirnei Bits 


| AbsoluteError sd Error vhees 4 
iii -"TeaMES  S a eG Ee, 
eee imeeenron <2) RIO ang ce) Le eee 
Meaney) fe oe | aed ie | a 
Gants Ae ee a ae 
Se ee 
£0.25 OS a eee 


Temperature Coefficients: 


Offset 0.009 LSB/°C 
Full Scale 0.009 
Differential Non-Linearity 0.009 


NOTES: 

* These values are expected for most parts at 25°C. 

** An “LSB”, as used here, is defined in the glossary which follows and has a value of approximately 5 mV. 
1. These values are not tested in production and are based on theoretical estimates and laboratory tests. 

2. DC to 100 KHz. 

3. For starting the A/D with an HSO Command. 

4. Multiplexer Break-Before-Make Guaranteed. 


SA 6 SA 
| STosc+ 50 | ns | 1.3 | 
ete wot 
Recs MNS oe Se: 


3Tosc — 50 
12Tosc — 50 
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ROMless 


8396BH ALATANLNTN 


Table 1. MCS®-96 Prefix Identification 


*A = Commercial/No Burn-in 68L Ceramic F6A TX = Extended Temp/No Burn-in 
N = Commercial/No Burn-in 68L PLCC : QX = Commercial/With Burn-in 
C = Commercial/No Burn-in 48L DIP (Ceramic) LX = Extended Temp/With Burn-in 


P = Commercial/No Burn-in 48L DIP (Plastic) 
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PRELIMINARY 


MCS®-96 
809X-90, 839X-90 


Express 


m Extended Temperature Range @ Burn-in 
(— 40°C to +85°C) 


The Intel EXPRESS system offers enhancements to the operational specifications of the MCS®-96 family of 
microcontrollers. These EXPRESS products are designed to meet the needs of those applications whose 
operating requirements exceed commercial standards. 


The EXPRESS program includes the commercial standard temperature range with burn-in, and an extended 
temperature range with or without burn-in. 


With the commercial standard temperature range operational characteristics are guaranteed over the temper- 
ature range of 0°C to 70°C. With the extended temperature range option, operational characteristics are 
guaranteed over the range of —40°C to + 85°C. 


The optional burn-in is dynamic, for a minimum time of 160 hours at 125°C with Voc = 5.5V +0.5V, following 
guidelines in MIL-STD-883, Method 1015. 


Package types and EXPRESS versions are identified by a one- or two-letter prefix to the part number. The 
prefixes are listed in Table 1. 


This data sheet specifies the parameters for the extended temperature range option. The commercial temper- 
ature range data sheets are applicable otherwise. 


POWER FREQUENCY 
VREF ANGND DOWN REFERENCE 


8K BYTE 
ON-CHIP 


ROM 
(8396) 


232 


A/D 
CONVERTER 


° 
i 
a 
a 
6 
8 
é 
a 
¢ ° bs] 
8 a i 
: : MEMORY CONTROL 
§ : BYTE REGISTER | * CONTROLLER eis SIGNALS 
; WATCHDOG] | REGISTER ALU fy | TIMER1 ; 
' TIMER ft FILE ;{TIMER2] 116 ' PORT 3 
: oe x pee ETS, 
° ADDR 
‘ " DATA 
3 RA Dione? BUS 
& 
gine RATE HIGH 1 PORT 4 
a PORT ’ 
‘ GEN. SPEED ; 
¢ Ve) i 
§ ] 
8 i] 
i P2 MULTIPLEXER ‘ 
6 8 
: sg: || , 
tee ee = @& @ee@eeq@eeees @& @2eq@eoeqeeqeeseqeasd9ss @& J ee eaeenaae @ é 
PORTO PORT 1 PORT 2 HSI HSO 
ALT FUNCTIONS 
270104-1 
MCS-96 Biock Diagram 


November 1985 
21-87 Order Number: 270104-001 


s BP in oe ots a, ee ae,’ a ool » bd sha — a ee wires Mee eet a — ” Seen Does ee ee i ee Se at 
ha és 5 | " ‘i 4% 3, J be ‘ppe : 2 | , 3 4 aes | — if ‘ ane 5 =e & of ay = <3 Ses e ease 
ms b : ; £ vex 5 re . ’ ’ eer et es Se aa ; 
intel Sea MCS®-96, 809X-90, 839X-90 Express PR LIMINARY 
ELECTRICAL CHARACTERISTICS *Notice: Stresses above those listed under “‘Abso- 
ABSOLUTE MAXIMUM RATINGS* lute Maximum Ratings” may cause permanent dam- 


age to the device. This is a stress rating only and 
Ambient Temperature Under Bias . — 40°C to + 85°C functional operation of the device at these or any 
Storage Temperature .......... —40°C to + 150°C other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 


Voltage from Any Pin to . - ~ 
~ posure to absolute maximum rating conditions for 
VeEnor ANGND: 3.5. ssa ea eaaes 0.3V to + 7.0V extended periods may affect device reliability. 
Average Output Current from Any Pin ....... 10mA ) : ; 
Powerimaciostitnn (i Wi. ica x Weeds eciace es ss 1.5W NOTICE: Specifications contained within the 


following tables are subject to change. 
OPERATING CONDITIONS 


Symbol SS) = oe os Renae. See Mig 
Ambient Temperature Under Bias 
Digital Supply Voltage 

D See eles 


Analog Supply Voltage 
Oscillator Frequency 
Power-Down Supply Voltage 


NOTE: 
Veep should be connected to ANGND through a 0.01 uF capacitor. ANGND and Vss should be nominally at the same 
potential. ; 


°C 
V 
V 
MHz 
V 


D.C. CHARACTERISTICS T, = —40°C to +85°C 


Bymibob- | == 8655 Ramameter- 220 + 
Input Low Voltage (Except RESET) 
Input Low Voltage, RESET 


Test Conditions 


+0.8 

+0.7 
cc + 0.5 
oo + 0:5 


Input High Voltage (Except RESET, NMI, XTAL1) 


<|< 
+ 4 
co) 


: |3 rl] 3 
53] 5B] 31] 3] 2le{<|<[<|¢|<18 


(Note 1) 
(Note 2) 


Output Low Voltage 
Output High Voltage 


pig od 
Vou 
SS Ln es mS 


2.4 
mA 


Input Low Current to RESET 
Input Low Current P2.2, P2.3, P2.4, READY 


Pin Capacitance (Any Pin to Vss) 


NOTES: 

1. lo. = 0.4 mA for all pins of P1, for P2.6 and P2.7, and for all pins of P3 and P4 when used as ports. lo, = 2.0 mA for 
TXD, RSD (in serial port mode 0), PWM, CLKOUT, ALE, BHE, RD, WR, and all pins of HSO and P3 and P4 when used as 
external memory bus (ADO-AD15). 

2. lon = —20 pA for all pins of P1, for P2.6 and P2.7. lo4y = —200 pA for TXD, RXD (in serial port mode 0), PWM, 
CLKOUT, ALE, BHE, WR, and all pins of HSO and P3 and P4 when used as external memory bus (ADO—AD15). P3 and P4, 
when used as ports, have open-drain outputs. 


Vit = 0.45V 
iL = 0.45V 
frest = 1 MHz 


Input Low Current to All Pins of P1, and to P2.6 
P2.7 


Input High Voltage, NMI, XTAL1, RESET 4 
Ic All Outputs 
Disconnected 
Vpp Supply Current A Normal Operation 
and Power-Down 
Vrer Supply Current sais i MoD feet 
IL Input Leakage Current to All Pins of HSI, PO, P3, 2c Vin = 0to Voc 
P4, and to P2.1 
Input High Current to EA bic Raia. 


ant 
2) 


pF 
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Intel MCS®-96, 809X-90, 839X-90 Express PRELIMINARY 
A/D CONVERTER SPECIFICATIONS PI CHUMIONY Fe \ientcte les wong SE 2 er Te +0.001 Vrer 
Pigs: ca BeNROY . ys onkb oud va de wpe eae ~.-. 0.004 Vrer 

A/D Converter operation is verified only on the : ; ' 
8097, 8397, 8095, 8395. Differential nonlinearity ......... + 0.002 Vrarr max 
‘Integral nonlinearity ............ + 0.004 Vrer max 


The absolute conversion accuracy is dependent on 
the accuracy of Vref. The specifications given be- 
low assume adherence to the Operating Conditions 
section of these data sheets. Testing is done at 
Vrer = 5.120V. 


A.C. CHARACTERISTICS Vcc, Vpp = 4.5V to 5.5V, Ta = — 40°C to + 85°C; fogg = 6.0 MHz to 12.0 MHz 
Test Conditions: Load capacitance on output pins = 80 pF . 
Oscillator Frequency = 12.00 MHz. 


TIMING REQUIREMENTS Other system components must meet these specs 


IGOR LS DS 2 reat Ae hee ee ee 
[TCLYX | READY HoldatterCLKOUT FallingEdge | (Notet) | 
4Tosc — 60 (Note 2) 
PTYLYH | Non-Ready Time 606“ fomwmes~ ae feet ne 00 
[TAVDV | Address ValidtoinputDataValid | | TOS ~ 980 
[TRLDV | RD ActivetoInputDataValid | TTS ~ EO 
i ey eee 
‘ition © asec ce eee 


TRXDX | Data Hold after RD Inactive (Note 3) ae 
TRXDZ | RD Inactive to Input Data Float (Note 3) 


TIMING RESPONSES NCS-96 parts meet these specs 


Synod |) Paraineter a i Me 
FXTAL | Oscillator Frequency ae ae 12.00 
Oscillator Period a ee 


TCHCH | CLKOUT Period (Note 3) 3Tosc (Note 4) 3Tosc (Note 4) 
TCHCL | CLKOUT High Time 
TCLLH | CLKOUT Low to ALE High eit ore | ee ee 


Tose — 20 


i 166 
TLLAX_| Address Hold after End of ALE eae «5 ee Sanaa ee ea 
TWLUWH | WR Pulse Width lo ee ee |e eae, 
TQVWX | Output Data Setup to End of WR UC: Riley’ ” ah a ee 
TWXQX | Output Data Hold after End of WR aoe ee eR ra 


TWXLH | End of WR to Next ALE i ey a oe 


| Units | 
ae 
| ns | 
oS 
| ns | 
ican 
aie 
a 
| ns 
Units 
| ns _ | 
ee 
| ns 
| ns 
oe 
|ns | 
| ns_| 
a 
| ns | 
|ns_| 
Pee 
aed 
az 
Bice 
| ns | 


TRLRH | RD Pulse Width cn Gl Be Sea 
TRHLH | End of RD to Next ALE amare we ae 8 rae: 


NOTES: 

1. If the 48-pin part is being used then this timing can be generated by assuming that the CLKOUT falling edge has occurred 
at 2Tosc + 60 (TLLCH(max) + TCHCL(max)) after the falling edge of ALE. 

2. If more than one wait state is desired, add 3Tosc for each additional wait state. 

3. This specification is not tested, but is verified by design analysis and/or derived from other tested parameters. 

4. CLKOUT is directly generated as a divide by 3 of the oscillator. The period will be 3Tosc +10 ns if Tosc is constant and 
the rise and fall times on XTAL 1 are less than 10 ns. 
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BHE. INST 
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MCS®-96, 809X-90, 839X-90 Express 


VALID 


‘ DATA IN 


TWXQX 


ADOR OUT os DATA OUT ’ 


Bus Signal Timings 
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Intel | MCS®-96, 809X-90, 839x-90 Express PRELIMINARY 


Table 1. MCS®-96 Prefix Identification 


Prefix | ___—Package Type | TemperatureRange 


A eS 
ee a a 
a a 
[en ecg Commercis Yes 


EXAMPLES: 
A8097-90 indicates an 8097-90 in a ceramic pin grid array package specified for commercial temperature without burn-in. 
LC8095-90 indicates an 8095-90 in a ceramic DIP package specified for extended temperature range with burn-in. 
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Bien 


80C196KA 
16-BIT HIGH PERFORMANCE CHMOS 
MICROCONTROLLER 


232 Byte Register File @ Full Duplex Serial Port 
Register-to-Register Architecture Dedicated Baud Rate Generator 
28 Interrupt Sources/16 Vectors High Speed I/O Subsystem 
2.3 us 16 x 16 Multiply 16-Bit Timer 
4.0 us 32/16 Divide 16-Bit Up/Down Counter with Capture 
Powerdown and Idle Modes Pulse-Width-Modulated Output 
Five 8-Bit 1/O Ports Four 16-Bit Software Timers 
16-Bit Watchdog Timer | m 10-Bit A/D Converter with S/H 
= Dynamically Configurable 8-Bit or 16-Bit Buswidth 


The 80C196KA is the CHMOS upgrade for the 8096. It is pin-for-pin compatible and uses a true superset of the 
8096 instructions. At the same oscillator frequency the 80C196KA state time generator operates 1.5 times as 
fast as the 8096. In addition, many instruction execution times have been reduced providing up to twice the 
performance of a 12 MHz 8096 with a 12 MHz 80C196KA. Intel’s CHMOS process provides a high perform- 
ance processor along with low power consumption. To further reduce power requirements, the processor can 
be placed into Idle or Powerdown Mode. 


Bit, byte, word and some ‘32-bit operations are available on the 80C196KA. With a 12 MHz oscillator a 16-bit 
addition takes 0.66 js, and the instruction times average 0.5 ys to 1.5 ys in typical applications. 


Four high-speed capture inputs are provided to record times which events occur. Six high-speed outputs are 
available for pulse or waveform generation. The high-speed output can also generate four software timers or 
start an A/D conversion. Events can be based on the timer or up/down counter. 


Also provided on-chip are an A/D converter, serial port, watchdog timer, and a pulse-width-modulated output 
signal. 


VREF ANGND FREQUENCY 


REFERENCE 
TTT TTT : CLOCK 
CPU GEN 8 KBYTE 
ON=CHIP 


CONVERTER 
MUX | 


$ 

oi 232 

1 | BYTE 
| REGISTER 
‘ 

‘ 

4 

‘ 

t= 


MEMORY 
INTERRUPT > 
CONTROLLER 
a 
CONTROLLER CONTROL 


FILE 


MICROCODE 
ENGINE 


PORT 3 
ADDR 
TIMER1 a 
TIMER2 
: PORT 4 
 ] 
Ea ‘ 
SPEED : 
Ea } 
‘ 
ee eweaenacacacacececaeceaeodgeleecoewaeaeaoacaeaeeanaeaenee & = eeean é 
= 
PORT 2 FUNCTIONS ot 270428-1 


Figure 1. 80C196KA Biock Diagram 
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The 80C196KA is a member of the MCS®-96 family, and as such has the same architecture and uses the 
same instruction set as the 8096. Many new features have been added on the 80C196KA including: 


CPU FEATURES 
Divide by 2 instead of divide by 3 clock for 1.5X performance 


Faster instructions, especially indexed/indirect data operations 
2.33 ws 16 X 16 multiply with 12 MHz clock (was 6.25 ps) 
Faster interrupt response (almost twice as fast) 

Powerdown and Idle Modes 

Clock Failure Detect 

6 new instructions including Compare Long and Block Move 


8 new interrupt vectors/6 new interrupt sources © 


PERIPHERAL FEATURES 


SFR Window switching allows read-only registers to be written and vice-versa 

Timer2 can count up and down by external selection | 

Timer2 has an independent capture register 

HSO line events are stored in a register . 

HSO has CAM Lock and CAM Clear commands 

New Baud Rate values are needed for serial port, higher speeds possible in all modes 
Double buffered serial port transmit register 

Serial Port Receive Overrun and Framing Error Detection 


PWM has a Divide-by-2 Prescaler 


NEW INSTRUCTIONS 
PUSHA — PUSHes the PSW, IMASK, IMASK1, and WSR _. 


(Used instead of PUSHF when new interrupts and registers are used.) ! 


assembly language format: PUSHA 
object code format: <11110100> 
bytes: 1 


states: on-chip stack: 12 
off-chip stack: 18 
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POPA — POPs the PSW, IMASK, IMASK1, and WSR 
(Used instead of POPF when new interrupts and registers are used.) 


assembly language format: POPA 
object code format: <11110101> 
bytes: 1 


states: on-chip stack: 12 
off-chip stack:18 


IDLPD — Sets the part into Idle or Powerdown Mode 


PRELIMINARY 


assembly language format: IDLPD #key (key=1 for Idle, key=2 for Powerdown.) 


object code format: <11110110> <key> 
bytes: 2 | 
states: legal key: 8 

illegal key: 25 


DJNZW = Decrement Jump Not Zero using a Word counter 


assembly language format: DJNZW wreg, cadd 
object code format: <11100001> <wreg> <disp> 
bytes: 3 : 
states: jump not taken: 5 
jump taken: 9 
CMPL — Compare 2 long direct values 
assembly language format: 


DST SRC 
CMPL Lreg, Lreg 
object code format: <11000101 > <src Lreg> <dst Lreg> 
bytes: 3 
states: 7 


BMOV — Block move using 2 auto-incrementing pointers and a counter 
assembly language format: 


PTRS CNTREG 


BMOV Lreg, wreg 
object code format: <11000001 > <wreg> <Lreg> 
bytes: 3 
States: 


internal/internal: 8 per transfer + 6 
external/internal: 11 per transfer + 6 
external/external: 14 per transfer + 6 
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SFR OPERATION 


-80C196KA 


PRELIMINARY 


All of the registers that were present on the 8096 work the same way as they did, except that the baud rate 
value is different. The new registers shown in the memory map control new functions. The most important new 
register is the Window Select Register (WSR) which allows reading of the formerly write-only registers and 
vice-versa. Using the WSR is described later in this data sheet. 


PACKAGING 


The 80C196KA is available in 68-pin PLCC and LCC packages. Contact your local sales office to determine 
the exact ordering code for the part desired. 


LCC PLCC Description 


ACH7/P0.7 
ACH6/P0.6 
ACH2/P0.2 
ACHO/P0.0 
ACH1/P0.1 
ACH3/P0.3 
NMI 

EA 

Voc 

Vss 

XTAL1 
XTAL2 
CLKOUT 
BUSWIDTH 
INST 
ALE/ADV 
RD 
ADO/P3.0 
AD1/P3.1 
AD2/P3.2 
AD3/P3.3 
AD4/P3.4 
AD5/P3.5 


ON OoOoahaAnNn — 
—~NO WORF AHN ®W O 


PLCC Description 


AD6/P3.6 
AD7/P3.7 
AD8/P4.0 
AD9/P4.1 
AD10/P4.2 
AD11/P4.3 
AD12/P4.4 
AD13/P4.5 
AD14/P4.6 
AD15/P4.7 
T2CLK/P2.3 
READY 
T2RST/P2.4 
BHE/WRH 
WR/WRL 
PWM/P2.5 
P2.7/T2CAPTURE 
Vpp 

Vss 

HSO.3 
HSO.2 
P2.6/T2UP/DN 
P1.7 


Figure 2. Pin Definitions 
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LCC PLCC 


Description 


P1.6 

P15 

HSO.1 
HSO.0 
HSO.5/HSI.3 
HSO.4/HSI.2 
HSI.1 

HSI1.0 

P1.4 

P1.3 

P1.2 

P41 

P1.0 
TXD/P2.0 
RXD/P2.1 
RESET 
EXTINT/P2.2 
CDE 

VREF 
ANGND 
ACH4/P0.4 
ACH5/P0.5 


» ieee l [ed me Pes * “ase Bee aS iin - onl, r . ad ey xe he ee ca + a ee oa 
= = /ieea ae Pectin Mute Shoe ae LS d Ce es a "a Nits He Ss, = 3° i= =e 
aes Pele ie ot oa aa Bed os ee cic MCs ae eee Be Cee ee 
‘ _* Ay , “es 2 be ae mie Na : a © a, re . ~ Ss a A << 5 ‘ z 
oe os ee: a ee ae ee 
s ; ve ¢ e * ra ; ‘Brre oe r = \ "e an ae P 
intel 80C196KA — - PRELIMINARY 
nNeno-n x 
ogo 6 So Oo > 
eee RS eg Bo 2 
noOoONO- ao oOo = ‘ia, oN 
5565666 & SRE EB 4S 2 4Yie 
7 tea aoe = silk Soo ee. oe © ee 
AO OOM Ae Ao ooo 
87.6543 #4 


ACH5/PO.5 CJ 10 
ACH4/P0.4 CJ 11 
ANGND CJ 12 


RESET © 
RXD/P2.1 © 
1xD/P2.0 © 

P1.0 
| 
P1.2 
P1.3 
P1.4 
HSIO 
HSI1 
HSI2/HSO4 
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Figure 3. 68-Pin Package (PLCC—Top View) 
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WRL/WR CO 


ADO/P3.0 
59 (J AD1/P3.1 
58 (J AD2/P3.2 
5712 AD3/P3.3 
56 [7 AD4/P3.4 
55) ADS /P3.5 
541) AD6/P3.6 
53—) AD7/P3.7 
52(7 AD8/P4.0 
511 AD9/P4.1 
50—7 AD10/P4.2 
49 [7] AD11/P4.3 
48(7) AD12/P4.4 
479 AD13/P4.5 
46[-) AD14/P4.6 
451) AD15/P4.7 
4417) T2CLK/P2.3 


WRH/BHE Co 
T2RST/P2.40 


1} 2 3 4°35 6 7 “O'S TO 4T' 12 15:14 13 16, 87 


ucs® 96 


68 PIN 
LEADLESS CHIP CARRIER 
TYPE "B" 


TOP VIEW 
LOOKING DOWN ON 
COMPONENT SIDE 
OF PC BOARD 


51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35. 
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Figure 4. 68-Pin Package (LCC—Top View) 
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ee PRELIMINARY 


PIN DESCRIPTIONS ; 
Pam | aan ee 
ae meee eS 


Digital circuit ground (OV). There are two Vgg pins, both of which must be connected. 


portion of the A/D converter and the logic used to read Port 0. Must be connected for A/D 


VREF 

and Port 0 to function. 
ANGND Reference ground for the A/D converter. Must be held at nominally the same potential as 

Vss. ; 


V Timing pin for the return from powerdown circuit. Connect this pin with a 1 wF capacitor to 
Vss and a 1 MO resistor to Vcc. If this function is not used Vpp may be tied to Vcc. This pin 
XTAL1 Input of the oscillator inverter and of the internal clock generator. 


was Vpp on the 8X9X-90 parts and will be the programming voltage on future EPROM parts. 
XTAL2 Output of the oscillator inverter 


Clock Detect Enable - When pulled high enables the clock failure detection circuit. If the 
XTAL1 frequency falls below a specified limit the RESET pin will be pulled low. 


Reference voltage for the A/D converter (5V). Vref is also the supply voltage to the analog 


CLKOUT Output of the internal clock generator. The frequency of CLKOUT is 1% the oscillator 


frequency. It has a 50% duty cycle. 
BUSWIDTH 

cycle occurs. If CCR bit 1 is a 0, the bus is always an 8-bit bus. This pin is the TEST pin on 

8X9X-90 parts. Systems with TEST tied to Vcc do not need to change. 


a. 2 2 A positive transition causes a vector through 203EH. 


INST Output high during an external memory read indicates the read is an instruction fetch. INST is 


Voc 
Vss 
CDE 
PP 
RESET 
valid throughout the bus cycle. INST is activated only during external memory accesses. 
ALE/ADV 
WR/WRL 
BHE/WRH 


Reset input to the chip. Input low for at least 4 state times to reset the chip. The subsequent 
low-to-high transition re- synchronizes CLKOUT and commences a 10-state-time sequence in 
which the PSW is cleared, a byte read from 2018H loads CCR, and a jump to location 2080H 
is executed. Input high for normal operation. RESET has an internal pullup. | 


Input for buswidth selection. If CCR bit 1 is a one, this pin selects the bus width for the bus 
cycle in progress. If BUSWIDTH is a 1, a 16-bit bus cycle occurs. If BUSWIDTH is a 0 an 8-bit 


Input for memory select (External Access). EA equal to a TTL-high causes memory accesses 
to locations 2000H through 3FFFH to be directed to on-chip ROM/EPROM. EA equal to a 
TTL-low causes acccesses to these locations to be directed to off-chip memory. 


Address Latch Enable or Address Valid output, as selected by CCR. Both pin options provide 
a latch to demultiplex the address from the address/data bus. When the pin is ADV, it goes 
inactive high at the end of the bus cycle. ADV can be used as a chip select for external 
memory. ALE/ADV is activated only during external memory accesses. 


Fe Read signal output to external memory. RD is activated only during external memory reads. 


Write and Write Low output to external memory, as selected by the CCR. WR will go low for 
every external write, while WRL will go low only for external writes where an even byte is 
being written. WR/WRL is activated only during external memory writes. 


BHE Bus High Enable or Write High output to external memory, as selected by the CCR. BHE =0 
selects the bank of memory that is connected to the high byte of the data bus. AO = 0 
selects the bank of memory that is connected to the low byte of the data bus. Thus accesses 
to a 16-bit wide memory can be to the low byte only (AO = 0, BHE = 1), to the high byte only 
(AO = 1, BHE = 0), or both bytes (AO = 0, BHE = 0). If the WRH function is selected, the 
pin will go low if the bus cycle is writing to an odd memory location. BHE/WARH is valid only 
during 16-bit external memory write cycles. 
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Ready input to lengthen external memory cycles, for interfacing to slow or dynamic memory, 
or for bus sharing. If the pin is high, CPU operation continues in a normal manner. If the pin is 
low prior to the falling edge of CLKOUT, the memory controller goes into a wait mode until the 
next positive transition in CLKOUT occurs with READY high. When the external memory is 
not being used, READY has no effect. Internal control of the number of wait states inserted 
into a bus cycle held not ready is available through configuration of CCR. 


Inputs to High Speed Input Unit. Four HSI pins are available: HSI.0, HSI.1, HSI.2, and HSI.3. 
Two of them (HSI.2 and HSI.3) are shared with the HSO Unit. The HSI pins are also used as 
inputs by future EPROM parts in Programming Mode. 


Outputs from High Speed Output Unit. Six HSO pins are available: HSO.0, HSO.1, HSO.2, 
HSO.3, HSO.4, and HSO.5. Two of them (HSO.4 and HSO.5) are shared with the HSI Unit. 


8-bit high impedance input-only port. These pins can be used as digital inputs and/or as 
analog inputs to the on-chip A/D converter. These pins are also a mode input to future 
EPROM parts in the Programming Mode. 


8-bit quasi-bidirectional I/O port. 


8-bit multi-functional port. All of its pins are shared with other functions in the 80C196KA. 


Ports 3 and 4 | 8-bit bi-directional I/O ports with open drain outputs. These pins are shared with the 
multiplexed address/data bus which has strong internal pullups. Available only on future 
ROM and EPROM parts. 
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ADD/ADDB 


SUB/SUBB 
SUBC/SUBCB 
CMP/CMPB 
MUL/MULU 
MUL/MULU 


MULB/MULUB PDs 1 ea ost ror f | le Pe ee 
[MOLErMULOE |: 8 (ODE 1 — BAL UR Sree | P| [| =| = | ee 
OU | 2 1D HD+ BAD 2 tomainder|- | -|-] | t| =| 2 
pivue | 2 [DD + 1)/AD +1 — remainder} -|-|-|~| tT] -| 3 | 
DOW eb — OD + a7AD + 2h tomer — |e le pl 
OMB | 2D (0D +1) /AD +1 <— reomainder|-|-[-|~|[t]-| 
PAND/ANDB® f ' "2 ULB DANDAD = Pci ete [ole] — |] Ae) 
JAND/ANDB | -3|D<- BANDA fw} ofol—-|-] 
POM/ORB 2! epee DORA iat ee elo || =) es 
XOR/XORB. |=) 2 | D — Dieomonans er te eof ol =|] eS 
Lovepe ipo = Bee A es Somege eh ie Say ee 
ese eer ee el ee | ee ee 
ADBSE | 2 (De ADS Te SIENA |---| -| -] fae | 
HLDBZB--'-}2- = Oe AD +4e Oe |e [= pa 
PUSH: fe - SP ee SP BGP) eA ft [= Pe | 
PROP. ji fe A em pp sR 2 be fed [oboe 4 
cb Meee ame poe Le Tt tae 
PSW < 0000H;1 <0 | 
POpF | 20: | Psw < (SP); SP bea ee lel ele] ee 
SM Pa Re RGF eaiotset > red a ey 
/EOMP., = bs Sa eG = PGP tebhetiet or ae eet re a 
BHlindiect] -[2 i“) eee (Al Sh te ce Pe ie ae 


SCALL 1 SP <— SP - 2: 
(SP) <— PC;PC <— PC + 11-bit offset 
LCALL 1 SP < SP — 2:(SP) <— PC; 
, PC < PC + 16-bit offset 
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Instruction Summary (Continued) 


| z|n|c|v|vt|st 


pert from emer ese |-f-f-f-f-f-[ 
jcondtenay | 1 [pc Pc + eptorsetrtaron _|-|-|-|-|-|-] 5 _ 
F CSc EES ss "7 Mama 29 5 CET ET 
mC Pie fewnere ete be te 
PARE oe OST es oe ocr 
SUSUR CS, Va 7 OS) Be 
ee ey NO epee, 
me pent coer 
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et foam tN = tor 2 = SE Soc cao 
Jumpit©= Vand = 0 See cers 
[a famptomonz=s . (=[-|- [=] -]-] 6 
+ NERA AT a eT CS es aE 
CNSR AOR Gah ea CRETE mS oo C5 SEY ea ae 
vr tapi v= txceervet | =[=|-|[=fo [=| 
DWT dt dump itv = e:cearvt _[=|-|=[-[e [=] 5 _ 
Fa RGAE ERA 7" 7 Toe TR 2) Se ce YS 
Fc SN 7 coy RM 2 6 OS Cg Br 
es_—*(| 8 |aumpttspectteast = |=[=|-|=|= |=] 86 
ac | a |aumpwspectteast=0 __[-|-|-|-|-|-| se | 


DJNZ/ Dat) =—'T: 
a eee D+#OthenPC <— PC + 8-bit offset 


DEC/DECB Cie eek lbenno Si a 
ee Fak ie pee 


ess 
er | tt [pe optee sm _[e[folo[-|-| 2 
eme De 4 1 Sn =. nee] ola -[-| S| 
NoT/NOTB | 1 [D = LogicalNot(o) [fe fofo[-[-| 
RICE, it Dre Ooh S50 fd oa eps) matte. 
SHL/SHLB/SHLL | 2 |G < msb-----Isb <0 Cea ES os Ket eS 
SHR/SHRB/SHRL_ | 2 [0 —> msb-----Isb —> C ee foe] Of S fesse | 
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instruction Summary (Continued) 


FINLEY aT 


CCT ee SS eo ea ee ee cee 
et tee a eieie 
Or | 0 | Disable allinterupts(§ = 0) |= |=] = |=] = f=] 
El | 0 Enableattinterupts(d = 1) |= |= |= |=] ==] 
NOR dG AR se REN eS a ye, oy ee ls aes 
poKPes - [p'. Gx. | PG sine eA ee Sy" | le Pou a 
NORML | 2 | Leftshitttilmsb = 13D < shiftcount | # || 0 |-[-|-| 7 _ 


TRAP SP < SP - 2; | | 
| (SP) <— PC; PC < (2010H) 


PUSHA SP < SP-2:(SP) < PSW: 
PSW < 0000H; SP <— SP-2: 
(SP) <— IMASK1/WSR; IMASK1 <— 00H 

POPA IMASK1/WSR < (SP);SP <— SP+2 |v lvl elel ele 
PSW < (SP);SP <— SP+2. 

IDLPD IDLE MODE IF KEY =1: ls 
POWERDOWN MODE IF KEY =2: 
CHIP RESET OTHERWISE 

Onin | aise TOA sree ei) ener State [ee ae we Le | eter 


BMOV [PTR + <— (PTR LOW) + ; 
UNTIL COUNT =0 


NOTES: 

1. If the mnemonic ends in “B” a byte operation is performed, otherwise a word operation is done. Operands is done. 
Operands D, B, and A must conform to the alignment rules for the required operand type. D and B are locations in the 
Register File; A can be located anywhere in memory. 

. D,D + 2 are consecutive WORDS in memory; D is DOUBLE-WORD aligned. 

D,D + 1 are consecutive BYTES in memory; D is WORD aligned. 

Changes a byte to word. 

. Offset is a 2’s complement number. 

. Specified bit is one of the 2048 bits in the register file. 

The ‘‘L” (Long) suffix indicates double-word operation. 

. Initiates a Reset by pulling RESET low. Software should re-initialize all the necessary registers with code starting at 2080H. 

. The assembler will not accept this mnemonic. 


OODNAOARWD 
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Instruction Execution State Times 


80C196KA 


| NORMAL* | A-INC* | SHORT* | LONG’ 


ADD (3-op) 
SUB (3-op) 
ADD (2-op) 
SUB (2-op) 
ADDC 
SUBC 

CMP 

ADDB (3-op) 
SUBB (3-op) 
ADDB (2-op) 
SUBB (2-op) 
ADDCB 
SUBCB 
CMPB 


MUL (3-op) 
MULU (3-op) 
MUL (2-op) 
MULU (2-op) 
DIV 

DIVU 

MULB (3-op) 
MULUB (3-op) 


MULB (2-op) 
MULUB (2-op) 
DIVB 

DIVUB 


AND (3-op) 
AND (2-op) 
OR (2-op) 
XOR 

ANDB (8-op) 
ANDB (2-op) 
ORB (2-op) 
XORB 


LD/LDB 
ST/STB 
LDBSE 
LDBZE 


PUSH (int stack) 


POP (int stack) 


PUSH (ext stack) 


POP (ext stack) 


APA HA ATTA AAHAA AA 


*Times for (Internal/External) Operands 


FAH aaandnndaga ®” 


aN 
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PUSHF (int stack) 

POPF (int stack) 

PUSHA (int stack) 
-POPA (int stack) 


TRAP (int stack) 
LCALL (int stack) 
SCALL (int stack) 
RET (int stack) 


CMPL 
CLR/CLRB 
NOT/NOTB 
NEG/NEGB 


LJMP 
SJMP 

BR [indirect] 
JNST, JST 
JNH, JH 
JGT, JLE 
JNC, JC 
JNVT, JVT 
JNV, JV 
JGE, JLT 
JNE, JE 
JBC, JBS 


NORML 

SHRL 

SHLL 

SHRAL 
SHR/SHRB 
SHL/SHLB 
SHRA/SHRAB 


PUSHF (ext stack) 
POPF (ext stack) 
PUSHA (ext stack) 
POPA (ext stack) 


TRAP (ext stack) 
LCALL (ext stack) 
SCALL (ext stack) 
RET (ext stack) 


DEC/DECB 
EXT/EXTB 
INC/INCB 


4/8 jump not taken/jump taken 
4/8 jump not taken/jump taken 
4/8 jump not taken/jump taken 
4/8 jump not taken/jump taken 
4/8 jump not taken/jump taken 
4/8 jump not taken/jump taken 
4/8 jump not taken/jump taken 


- 4/8 jump not taken/jump taken 


5/9 jump not taken/jump taken 


8 + 1 per shift (9 for O shift) 
7+ 1 per shift (8 for 0 shift) 
7 + 1 per shift (8 for O shift) 
7 + 1 per shift (8 for 0 shift) 
6 + 1 per shift (7 for O shift) 
6 + 1 per shift (7 for 0 shift) 
6 + 1 per shift (7 for 0 shift) 


15 (includes fetch of configuration byte) © 
3 
8/25 (proper key/improper key) 
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MEMORY MAP 


: OFFFFH 
EXTERNAL MEMORY OR 1/0 
. ‘4000H 


INTERNAL ROM/EPROM OR 
EXTERNAL MEMORY* 


RESERVED 


UPPER 8 INTERRUPT VECTORS 
(NEW ON 80C196KA) 


ROM/EPROM SECURITY KEY* 


RESERVED 


CHIP CONFIGURATION BYTE 


RESERVED 


LOWER 8 INTERRUPT VECTORS 
PLUS 2 SPECIAL INTERRUPTS 


PORT 3 AND PORT 4 
EXTERNAL MEMORY OR I/O 


INTERNAL DATA MEMORY - REGISTER FILE 
(STACK POINTER, RAM AND SFRS) 
EXTERNAL PROGRAM CODE MEMORY 


STACK POINTER 


*1OS2 


Sa een 


WHEN READ 


. mA : a 80C196KA 


‘¢ - 


INT15 


STACK POINTER 


PWM__CONTROL 
*INT_.MASK 1 
*INT_PEND 1 


_  PORT2 


WATCHDOG 


WHEN WRITTEN 
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HSI FIFO Full 


- Vector 
Location 


ODH *T2 CAPTURE (Hl) 
OCH *T2 CAPTURE (LO) 


WSR = 15 


OTHER SFRS IN WSR 

15 BECOME READABLE 

IF THEY WERE WRITABLE 
IN WSR = 0 AND WRITABLE 
IF THEY WERE READABLE 
INWSR = 0 


*NEW OR CHANGED 
REGISTER FUNCTION 
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USING THE ALTERNATE REGISTER WINDOW (WSR = 15) 


I/O register expansion on the new CHMOS members of the MCS-96 family has been provided by making two 
register windows available. Switching between these windows is done using the Window Select Register 
(WSR). The PUSHA and POPA instructions can be used to push and pop the WSR and second interrupt mask 
when entering or leaving interrupts, so it is easy to change between windows. 


On the 80C196KA only Window 0 and Window 15 are active. Window 0 is a true superset of the standard 8096 
SFR space, while Window 15 allows the read-only registers to be written and write-only registers to be read. 
The only major exception to this is the Timer2 register which is the Timer2 capture register in Window 15. The 
writeable register for Timer2 is in Window 0. There are also some minor changes and cautions. The descrip- 
tions of the registers which have different functions in Window 15 than in Window 0 are listed below: 


AD__COMMAND (02H) — Read the last written command 
AD__RESULT (02H, 03H) — Write a value into the result register 


HSI__MODE (03H) — Read the value in HSI_LMODE 
HSI__TIME (04H,O5H) =— Write to FIFO Holding register 
HSO__TIME (04H,05H) — Read the last value placed in the holding register 
HSI__STATUS (06H) — Write to status bits but not to HSI pin bits. (Pin bits are 1,3,5,7). 
HSO__COMMAND (06H) — Read the last value placed in the holding register 
SBUF(RX) (07H) — Write a value into the receive buffer 
SBUF(TX) (07H) — Read the last value written to the transmit buffer 
WATCHDOG(0Ah) — Read the value in the upper byte of the WDT 
TIMER1 (OAH,OBH) — Write a value to Timert1 | 
TIMER2 (OCH,ODH) — Read/Write the Timer2 capture register. 
Note that Timer2 read/write is done with WSR=0. 
lOC2 (OBH) — Last written value is readable, except bit 7 (note 1) 
BAUD__RATE (0EH) — No function, cannot be read 
PORTO (OEH) — No function, no output drivers on the pins 
SP__STAT (11H) — Set the status bits, Tl and RI can be set, but it will not cause an interrupt 
SP__CON (11H) — Read the current control byte 
lOSO (15H) — Writing to this register controls the HSO pins. Bits 6 and 7 are inactive for writes. 
l1OCO (15H) — Last written value is readable, except bit 1 (note 1) 
10S1 (16H) — Writing to this register will set the status bits, but not cause interrupts. Bits 6 and 
7 are not functional 
1OC1 (16H) — Last written value is readable 
lOS2 (17H) — Writing to this register will set the status bits, but not cause interrupts. 


PWM__CONTROL (17H) — Read the duty cycle value written to PWM_.CONTROL 


NOTE: 
1. |OC2.7 (CAM CLEAR) and IOC0.1 (T2RST) are not latched and will read as a 1 (precharged bus) . 


Being able to write to the read-only registers and vice-versa provides a lot of flexibility. One of the most useful 
advantages is the ability to set the timers and HSO lines for initial conditions other than zero. 
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SFR BIT SUMMARY 


A summary of the SFRs which control 1/O functions has been included in this section. The summary is | 
separated into a list of those aoe which have changed on the 80C196 and a list of those which have 
remained the same. ; 


The following 80C196 SFRs are different than those on the 8096BH: 
(The Read and Write comments indicate the register’s function in Window 0 unless otherwise specified.) 


SBUF(TX): Now double buffered 
O7h 
write 


BAUD RATE: Uses new Baud Rate Values : 
OEh . 
write 


SP_STAT: 


RB8/ 
B+ [rofl 


11h Receive Parity Error 
read oy Receive Indicator 
aie Transmit Indicator 
FE; Framing Error 
The: Transmitter Empty 
i Receive Overrun Error 


RAE Ree cee ee 


IPEND1: FIFO! EXT) Ta|. Te 1 
IMASK1: FULL] INT | OVF | CAP 

12h,13h Non-Maskable Interrupt 

egsty wile se FULL 


HSIO FIFO full 
EXTINT: External Interrupt Pin 
T2OVF:  Timer2 Overflow 
T2CAP: —_Timer2 Capture 


HSI4 : HSI has 4 or more entries in FIFO 
Ri: Receive Interrupt 
Lit Transmit Interrupt 
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14h 
read/write WWWW = 0: SFRs function like a superset of 8096 SFRs 


WWWW = 15 
Exchange read/write registers 


Wwwww= OTHER : Undefined, do not use 


XXXX = OOOOB : These bits must always be written as zeros to provide compatibility 
with future products. 


1os2: Sec ae code i a ml Oe 2a ae ee 
START| T2 
5 eo io a ao oa 
17h 
read Indicates which HSO event occured 
START A2D: HSO__CMD 15, start A to D 
T2RESET : HSO__CMD 14, Timer 2 reset 
HSO.0-5 : Output pins HSO.0 through HSO.5 
loca: aos ae Se Be oe cee 
CLEAR| ENA | T2ALT T2UD | FAST 
nt | G0 | NSM Sa 
OBh : 
write CLEAR__CAM: Clear Entire CAM 
ENA_.LOCK: Enable lockable CAM entry feature 
T2ALT INT : Enable T2 Alternate Interrupt at 8000H 
A2D__CPD : Clock Prescale Disable for low XTAL frequency (A to D conversion in 
fewer state times) 
NOSH : Disable A/D Sample and Hold 
SLOW__PWM: Turn on divide by 2 Prescaler on PWM 
T2UD ENA: Enable Timer 2 as up/down counter 


FAST__T2EN: Enable Fast increment of T2; once per state time. 


The following registers are the same on the 80C196 as they were on the 8096BH: 


A/D Result LO (02H) A/D Command (02H) 


CHANNEL # SELECTS WHICH OF THE 8 
A/D CHANNEL NUMBER ANALOG INPUT CHANNELS IS TO BE 
CONVERTED TO DIGITAL FORM. 


STATUS: 
0 =A/D CURRENTLY IDLE GO INDICATES WHEN THE CONVERSION IS TO 


1 =CONVERSION IN PROCESS ea BE INITIATED (GO = 1 MEANS START NOW, 
GO =0 MEANS THE CONVERSION IS TO BE 
x , INITIATED BY THE HSO UNIT AT A SPECIFIED TIME). 
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A/D RESULT: 
LEAST SIGNIFICANT 2 BITS 
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POWERDOWN MODE ENABLE * 


BUS WIDTH SELECT 
(16=BIT BUS /8—BIT BUS) 


WRITE STROBE MODE SELECT 
(WR AND BHE /WRL AND WRH). 

ADDRESS VALID STROBE SELECT 
(ALE / ADV) 


HSI.0 MODE 
HSI.1 MODE 
HSI.2 MODE 
HSI.3 MODE 


WHERE EACH 2= BIT MODE CONTROL FIELD 
DEFINES ONE OF 4 POSSIBLE MODES: 


00 8 POSITIVE TRANSITIONS 
01 EACH POSITIVE TRANSITION 
10 EACH NEGATIVE TRANSITION 
11 EVERY TRANSITION 
(POSITIVE AND NEGATIVE) 


(IRCO) ee READY CONTROL 


) 
PROGRAM LOCK MODE 
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270428-7 
*Minor Change 


HSI__Status (06H) 


7{s|s]sisj2iijo 


HSO Command (06H) 


CHANNEL: 
0-5 HSO.0=HSO.5 
HSO.0 AND HSO.1 
HSO.2 AND HSO.3 
8=-B SOFTWARE TIMERS 
RESET TIMER2 
START A/D CONVERSION 


INTERRUPT / NO INTERRUPT 
SET / CLEAR 

TIMER 2/ TIMER 1 

LOCK CAM” 


HS!I.0 STATUS 
HSI.1 STATUS 
HSI.2 STATUS | 
HSI.3 STATUS 


WHERE FOR EACH 2=BIT STATUS FIELD THE LOWER 
BIT INDICATES WHETHER OR NOT AN EVENT HAS 
OCCURED ON THIS PIN AND THE UPPER BIT INDICATES 
THE CURRENT STATUS OF THE PIN. 
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270428-10 
*Minor Change 


SPCON (11H) 


10S0 (15H) 


BIT.1, BIT.O SPECIFY THE MODE 
0.0=MODEO 1.0=MODE 2 
0.1=MODE1 1.1=MODE3 


HSO.0 CURRENT STATE 

HSO.1 CURRENT STATE 

HSO.2 CURRENT STATE 

HSO.3 CURRENT STATE 

HSO.4 CURRENT STATE 

HSO.5 CURRENT STATE 

CAM OR HOLDING REGISTER IS FULL 
HSO HOLDING REGISTER IS FULL 

270428-12 


PEN ENABLE THE PARITY FUNCTION 
REN ENABLES THE RECEIVE FUNCTION: 
TB&8 PROGRAMS THE 9TH DATA BIT 


ga 
Bs 
2 
se 
my 
5 | 
ug 
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HSI.0 INPUT ENABLE / DISABLE 

TIMER 2 RESET EACH WRITE 

HSI.1 INPUT ENABLE / DISABLE 

TIMER 2 EXTERNAL RESET ENABLE / DISABLE 

HSI.2 INPUT ENABLE / DISABLE 

TIMER 2 RESET SOURCE HSI.0 / T2RST 

HSI.3 INPUT ENABLE / DISABLE 

TIMER 2 CLOCK SOURCE HSI.1 /T2CLK 
270428-13 


10S1 (16H) 


SOFTWARE TIMER O EXPIRED 

SOFTWARE TIMER 1 EXPIRED 

SOFTWARE TIMER 2 EXPIRED 

SOFTWARE TIMER 3 EXPIRED 

TIMER 2 HAS OVERFLOW 

TIMER 1 HAS OVERFLOW 

HSI FIFO IS FULL 

HS! HOLDING REGISTER DATA AVAILABLE 


ant RS EA 
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10C1 (16H) 


SELECT PWM / SELECT P2.5 
EXTERNAL INTERRUPT ACH7 / EXTINT 


TIMER 1 OVERFLOW INTERRUPT ENABLE / DISABLE 
TIMER 2 OVERFLOW INTERRUPT ENABLE / DISABLE 


HSO.4 OUTPUT ENABLE / DISABLE 
SELECT TXD / SELECT P2.0 
HSO.5 OUTPUT ENABLE / DISABLE 


HSI INTERRUPT 
FIFO FULL / HOLDING REGISTER LOADED 
270428-15 
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1OCO (15H) 


| T2CLK (Timer2 Clock | |OCO.7 
& Baud) 


Port 2 Multiple Functions 
Alternative Control 
Function Reg. 
TXD (Serial Port | OCs 
Transmit) 
RXD (Serial Port SPCON.3 
Receive) 


ast mee ener ae 


| Output | PWM /PWMOutput /10C1.0 0 


25.) 10! Timer2 up/ 10C2.1 
2d oem select 
eg v | QBD* | Timer2 |Timer2 Capture 
*QBD = Quasi-bidirectional 


Baud Rate Calculations 
Asynchronous Modes 1, 2 and 3: 


XTAL1 T2CLK 


Baud__Reg = ————————__-- 1 ——_— 
as °9 Baud Rate x 16 Baud Rate x 8 


Synchronous Mode 0: 


XTAL1 T2CLK 


B 2 0s Hee lara Hal 
aud_Reg = Baud Rate x2 Baud Rate 


Baud Rates and Baud Register Values 
Baud XTAL Frequency 


1666/—0.02 | 2082/0.02 | 2499/0.00 
416/—0.08 | 520/—0.03 | 624/0.00 


207/0.16 259/0.16 | 312/—0.16 

103/—0.16 129/0.16 155/0.16 
51/—0.16 64/0.16 77/0.16 
25/0.16 32/1.40 38/0.16 


Baud Register Value/% Error 


A maximum baud rate of 750 Kbaud is available in 
the asynchronous modes with 12 MHz on XTAL1. 
The synchronous mode has a maximum rate of 3.0 
Mbaud with a 12 MHz clock. Location OEH is the 
Baud Register. It is loaded sequentially in two bytes, 
with the low byte being loaded first. This register 
may not be loaded with zero in serial port Mode 0. 
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ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings” 


Ambient Temperature 


LACT NE Serene. t «ene eek hae ak 0°C to + 70°C 
Storage Temperature .......... —65°C to + 150°C 
Voltage On Any Pinto Vss........ —0.5V to + 7.0V 
Power Dissination.. {.50.sgtints pera eeieeeee 1.5W 


Operating Conditions 


NOTE: 


| Symbol | eseription | Min 

| Ta____|__ Ambient Temperature UnderBias | 0 | +70 

| Voc | Digital Supply Votage |S 

| Analog Supply Voltage | AS 
|__OscilatorFrequency | 85 | 


ANGND and Vsg should be nominally at the same potential. 


*Notice: Stresses above those listed under “‘Abso- 
lute Maximum Ratings” may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE: Specifications contained within the 
following tables are subject to change. 


D.C. Characteristics (Over specified operating conditions) 


VIL 
ViH 


Output High Voltage 
(Standard Outputs) 


Output High Voltage 
(Quasi-bidirectional Outputs) 


Logical 0 Input Current in Reset 
(ALE, RD, WR, BHE, INST, P2.0) 


lo. = 3.2 mA 
lo. = 7mA 


> 


iu Vin = 0.45 V 
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| Symbol | ___—Description | ‘Min | Max | Units | TestConditions 
[loc | ActiveModeCurrentinReset_ |_| 60_|_~mA_| XTAL1 = 12MHz 

[Incr | A/DConverterReference Current | | 5 |_mA_| Voc ~ Vpp = VReF = 9.9V 
lige | IdleModeCurrent | | 22 | mA 

| loci | ActiveMode Current (Typical) | | 15 | ~mA | XTALI=3.5MHz 


| Ipp___|_ Powerdown Mode Current || TBD | vA | Voc = Vpp = Vrer = 5.5V 
Reset Pullup Resistor PAL oe el en, A RTL RR > 
Pin Capacitance (AnyPintoVss) | | 10 | pF__| fest = 1.0 MHz 


NOTES: : 
1. QBD (Quasi-bidirectional) pins include Port 1, P2.6 and P2.7. 
2. Standard Outputs include all bus pins (data and control), HSO pins, PWM/P2.5, CLKOUT, RESET, Ports 3 and 4, 
TXD/P2.0, and RXD (in serial mode 0). The Voy specification is not valid for RESET. Ports 3 and 4 are open-drain outputs, 
which will be available on future ROM and EPROM parts. 
3. Standard Inputs include HSI pins, CDE, EA, READY, BUSWIDTH, NMI, RXD/P2.1, EXTINT/P2.2, T2CLK/P2.3, and 
T2RST/P2.4. 
4. Maximum current per pin must be externally limited to the following values if Vo, is held above 0.45V or Voy is held 
below Vcc — 0.7V: 

lo. on Output pins: 10 MA Ion On quasi-bidirectional pins: self limiting 

lon on Standard Output pins: 10 mA 

5. Maximum current per bus pin (data and control) during normal operation is +3.2 mA. 
6. During normal (non-transient) conditions the following total current limits apply to each group of pins: 


Port 1, P2.6 lot: 29 mA Ion is self limiting 
HSO, P2.0, RXD, RESET Io,: 29 mA lon: 26 mA 
P2.7, P2.5, WR, BHE lot: 13 mA lon: 11 mA 
ADO-AD15 lot: 52 mA lon: 52 mA 
RD, ALE, INST-CLKOUT Io ,: 13 mA lon: 13 mA 


A.C. Characteristics (Over specified operating conditions) 

These are ADVANCED specifications, the parameters may change before Intel releases the product 
for sale. 

Test Conditions: Capacitive load on all pins = 100 pF, Rise and fall times = 10 ns, fosc = 12 MHz 


The system must meet these specifications to work with the 80C196: 


| Symbol | __—Description | Min’ 

| Tavyy | Address ValidtoREADY Setup | | 2Tosc ~ 55_| 
| Tuyy | ALELowtoREADYSetup | | Tosco — 55 
| Tciyx | READY Hold afterCLKOUTLow | 9 | Toso - 30_ 
| Tavay | Address Valid to BuswidthSetup | | 2Tosc ~ 55_| 
ALE Low to Buswidth Setup ara 
| Tcugx | BuswidthHold afterCLKOUTLow | 0 | 
| Tavoy | Address ValidtoInputDataValid | | 3Toso ~ 60 
Pac ger a 
ace 
ise 
ieee Seas 


et 
a eee 
Pewee | 


RD # Active to Input Data Valid 
Tosc — 20 
OS RE 


NOTES: 
1. Typical specification, not guaranteed. 
2. If max is exceeded, additional wait states will occur. 
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A.C. Characteristics (Over specified operating conditions) (Continued) : 
These are ADVANCED specifications, the parameters may change before Intel releases the product 
for sale. 

Test Conditions: Capacitive load on all pins = 100 pF, Rise and fall times = 10 ns, fosc = 12 MHz 


The 80C196KA will meet these specifications: 


| Symbol | Description 
12.0 
Sal RMR Be) Cenc Ota ene Sr a re 


ei ees 
pons 
ae 
OR | 
ie a 
Be 
Thai 2 ALE vein at * slogans one 
/Tun | ALEHighPeod | Toso = 10 | Tosot+10 | ns 
fae 
ate 
ra 4 
pata 
ela 
pies 
(Bil 


RD Rising Edge to ALE Rising Edge Tagen fa 
ALE Falling Edge toWR FallingEdge | Tosc-10] 
CLKOUT Low to WR Falling Edge 


20 
5 


1 


RD Low Period Bais ens ea 


OEP Be td ns 

Tavwe oa. ee 
Town | CLKOUTRising Edge toWRRisingEdge | -10 | 10 | ns 
|Tww | WRlowPeod | Toso-20 | |r 
| Twrax | DataHoldafterWRRisingEdge | Toso- 20 | | ns 
Fils ed 

pons 


WR Rising Edge to ALE Rising Edge 
BHE, INST HOLD after WR Rising Edge Tosc-30 |. 
NOTES: 


Tosc = 83.3 ns at 12 MHz; Tosc = 125 ns at 8 MHz. 
1. Typical specification, not guaranteed. 
2. Assuming back-to-back bus cycles. 


ALE Falling Edge to RD Falling Edge 
RD Falling Edge to CLKOUT Falling Edge 
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System Bus Timings 


XTAL1 


CLKOUT 


BUS 


BUS 


BHE, INST 


CLKOUT 


BUS WIDTH 


BUS 


a 2 


tCLLH tLLCH 
ESET AD. tLHLH 


ea tAVLL tLLAX tRLDV i tRHDZ 


PATA D200) 


ADDRESS 


270428-16 


ee 
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EXTERNAL CLOCK DRIVE 


—__Paaneter [wn 

Wa | SestatorFreneney [8 

San | Osattor Paros Toss) [88 ae 

tei a ee 

RS RR ay Te 
MED SAAT 


Fall Time 


EXTERNAL CLOCK DRIVE WAVEFORMS 
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A.C. TESTING INPUT, OUTPUT WAVEFORM | FLOAT WAVEFORM 


2.4 20 a0 VLoapDto-15 Vv Vou™0-15 Vv 
¥ TIMING REFERENCE 
i ae TEST POINTS e es LOAD p= Spirit at 
0.45 . “ Vioap™0-1 SY Voy *0.1 5V 


270428-19 
A.C. Testing inputs are driven at 2.4V for a Logic “1” and 0.45V 
for a Logic “0” Timing measurements are made at 2.0V for a 
Logic “1” and 0.8V for a Logic “0”. 


270428-20 
For Timing Purposes a Port Pin is no Longer Floating when a 
100 mV change from Load Voltage Occurs and Begins to Float 
when a 100 mV change from the Loaded Vo}4/Vo, Level occurs 
lo./lon = +15 mA. 


EXPLANATION OF AC SYMBOLS 


Each symbol is two pairs of letters prefixed by “T” for time. The characters in a pair indicate a signal and its 
condition, respectively. Symbols represent the time between the two signal/condition points. 


Conditions: Signals: 


H - High A - Address L - ALE/ADV 

L - Low B - BHE R - RD 

V - Valid C - CLKOUT W - WR/WRH/WRL 
X - No Longer Valid D - DATA X - XTAL1 

Z - Floating G - Buswidth Y - READY 
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A TO D CHARACTERISTICS A/D CONVERTER SPECIFICATIONS 
There are four modes of A/D operation. The absolute conversion accuracy is dependent on 

the accuracy of Vref. The specifications given be- 
In Modes 2 and 3 the maximum XTAL1 frequency is low assume adherence to the Operating Conditions 
10.0 MHz. Accuracy will degrade at higher frequen- section of these data sheets. Testing is done at 
cies. Vrer = 5.120V, 10.0 MHz, A/D Mode 2. 


Clock Prescaler On Clock Prescaler Off 
10C2.4 = 0 1002.4 = 1 
10C2.3 = 0 | Mode 0-158 States | Mode 2-91 States | 91 States 
with S&H 26.33 ws @ 12 MHz | 22.75 us @ 8 MHz | 18.2 us @ 10 MHz 
10C2.3 = 1 Mode 1-293 States | Mode 3-163 States | 163 States 
without S&H | 48.83 ws @ 12 MHz | 40.75 ws @ 8 MHz | 32.6 ws @ 10 MHz 
Typical*(1) | Minimum | Maximum | Units** 


Resolution 256(5) 1024 Levels 
1 poner mars 


| AbsoluteError Error | LSBs | 


i17(SRSEN GEe ot NPE EO EN oe | 
EC Rereeiees Bre eum aecmbat cece anaes See 
esNorespeetiys ait 2 Oe ae ee 
[brent enteny—[ oY ae tees 

Channel-to-Channel Matching nee 


Temperature Coefficients: 
Offset 

Full Scale 

Differential Non-Linearity 


NOTES: 

* These values are expected for most parts at 25°C. 

**An “LSB”, as used here, has a value of approximately 5 mV. 

1. These values are not tested in production and are based on theoretical estimates and laboratory tests. 
2. DC to 100 KHz. 

3. For starting the A/D with an HSO Command. 

4. Multiplexer Break-Before-Make Guaranteed. 

5. See functional deviations list. 
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ABSOLUTE ERROR—The maximum difference be- 
tween corresponding actual and ideal code tran- 
sitions. Absolute Error accounts for all deviations of 
an actual converter from an ideal converter. 


ACTUAL CHARACTERISTIC—The characteristic 
of an actual converter. The characteristic of a given 
converter may vary over temperature, supply volt- 
age, and frequency conditions. An actual character- 
istic rarely has ideal first and last transition locations 
or ideal code widths. It may even vary over multiple 
conversions under the same conditions. 


BREAK-BEFORE-MAKE—The property of a multi- 
plexer which guarantees that a previously selected 
channel will be deselected before.a new channel is 
selected. (e.g. the converter will not short inputs to- 
gether.) 


CHANNEL-TO-CHANNEL MATCHING—The differ- 
ence between corresponding code transitions of ac- 
tual characteristics taken from different channels un- 
der the same temperature, voltage and frequency 
conditions. | 


CHARACTERISTIC—A graph of input voltage ver- 
sus the resultant output code for an A/D converter. 
It describes the transfer function of the A/D convert- 
er. 


CODE—The digital value output by the converter. 


CODE CENTER—The voltage corresponding to the 
midpoint between two adjacent code transitions. 


CODE TRANSITION—The point at which the con- 
verter changes from an output code of Q, to a code 
of Q + 1. The input voltage corresponding to a code 
transition is defined to be that voltage which is 
equally likely to produce either of two adjacent 
codes. 


CODE WIDTH—The voltage corresponding to the 
difference between two adjacent code transitions. 


CROSSTALK—See ‘‘Off-lsolation’’. 


D.C. INPUT LEAKAGE—Leakage current to ground 
from an analog input pin. 


DIFFERENTIAL NON-LINEARITY—The difference 
between the ideal and actual code widths of the ter- 
minal based characteristic. 


80C196KA — 


ane PAG. ee ee 
¥ 


FEEDTHROUGH—Attenuation of a voltage applied 
on the selected channel of the A/D Converter after 
the sample window closes. 


FULL SCALE ERROR—The difference between the 
expected and actual input voltage corresponding to 
the full scale code transition. 


IDEAL CHARACTERISTIC—A characteristic with 
its first code transition at Vij = 0.5 LSB, its last 
code transition at Vij = (VRer — 1.5 LSB) and all 
code widths equal to one LSB. 


INPUT RESISTANCE—The effective series resist- 
ance from the analog input pin to the sample capaci- 
tor. } 


LSB—Least Significant Bit: The voltage corre- 
sponding to the full scale voltage divided by 2), 
where n is the number of bits of resolution of the 
converter. For an 8-bit converter with a reference 
voltage of 5.12V, one LSB is 20 mV. Note that this is 
different than digital LSBs, since an uncertainty of 
two LSB, when referring to an A/D converter, equals 
40 mV. (This has been confused with an uncertainty 
of two digital bits, which would mean four counts, or 
80 mV.) 


MONOTONIC—The property of successive approxi- 
mation converters which guarantees that increasing 
input voltages produce adjacent codes of increasing 
value, and that decreasing input voltages produce 
adjacent codes of decreasing value. 


NO MISSED CODES—For each and every output 
code, there exists a unique input voltage range 
which produces that code only. 


NON-LINEARITY—The maximum deviation of code 
transitions of the terminal based characteristic from 
the corresponding code transitions of the ideal char- 
acteristic. 


OFF-ISOLATION—Attenuation of a voltage applied 
on a deselected channel of the A/D converter. (Also 
referred to as Crosstalk.) 


REPEATABILITY—The difference between corre- 
sponding code transitions from different actual char- 
acteristics taken from the same converter on the 
same channel at the same temperature, voltage and 
frequency conditions. 
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RESOLUTION—The number of input voltage levels 
that the converter can unambiguously distinguish 
between. Also defines the number of useful bits of 
information which the converter can return. 


SAMPLE DELAY—The delay from receiving the 
start conversion signal to when the sample window 
opens. 


SAMPLE DELAY UNCERTAINTY—The variation in 
the sample delay. — 


SAMPLE TIME—The time that the sample window 
is open. 


SAMPLE TIME UNCERTAINTY—The variation in 
the sample time. 


SAMPLE WINDOW—Begins when the sample ca- 
pacitor is attached to a selected channel and ends 
when the sample capacitor is disconnected from the 
selected channel. 


SUCCESSIVE APPROXIMATION—An A/D conver- 
sion method which uses a binary search to arrive at 
the best digital representation of an analog input. 


TEMPERATURE COEFFICIENTS—Change in the 
stated variable per degree centigrade temperature 
change. Temperature coefficients are added to the 
typical values of a specification to see the effect of 
temperature drift. 


TERMINAL BASED CHARACTERISTIC—An actual 
characteristic which has been rotated and translated 
to remove zero offset and full scale error. 


Vcc REJECTION—Attenuation of noise on the Vcc 
line to the A/D converter. 


ZERO OFFSET—The difference between the ex- 
pected and actual input voltage corresponding to 
the first code transition. 


- 80C196KA 
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80C196KA FUNCTIONAL DEVIATIONS 


The 80C196KA has the following problems. We are 
working on, or have already defined, silicon fixes for 
all these problems. 


1. Byte shifts on odd addresses do not work proper- 
ly (SHRB and SHLB). Byte shifts can be done on 
even addresses, and word and long shifts work 
correctly. 


2. The Unsigned Divide operations (Byte and Word), 
may result in a quotient that is one count larger 
than the correct value (DIVU and DIVUB). This 
can only occur if the most significant bit of the 
divisor is a one. The problem will not always occur 
if the MSB is one, and determining if the problem 
will occur or not is very difficult. 


3. The current in the power down mode is on the 
order of 1. milliamp. 


4. The PUSHA instruction works properly with inter- 
nal stack. When external stack is used, the PU- 
SHA instruction will cause the data to be written 
into the location pointed to by the lower byte of 
the stack pointer. Since the PUSHA instruction is 
simply a fast way of doing a PUSHF, and pushing 
WSR/IMASK1 and clearing IMASK1, a macro can 
be written to work around this problem. 


5. The A/D converter differential non-linearity error 
becomes larger as Vi, approaches Vrez. This re- 
sults in the potential for missed codes at 10-bit 
resolution. 


6. The reset pin must have a rise time less than 4 
state times. An External Schmitt trigger reset cir- 
cuit is recommended. A capacitor only or RC cir- 
cuit directly connected to the pin will not work reli- 
ably. If a bad reset occurs, the chip will lock-up. A 
good reset will cause the part to work correctly; 
the chip does not have to be powered on and off. 


NOTE: 

Instruction bugs 1, 2, and 4 may prevent high level 
language compilers from generating code which 
works correctly. If a problem is suspected, generate 
an assembler code output of the high level lan- 
guage and examine the listing for the above in- 
structions. If any of the instructions are present, ine 
code may have to be rewritten. 
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DIFFERENCES BETWEEN THE 
80C196KA AND THE 8096BH 


CONVERTING FROM OTHER 
MCS®-96 PRODUCTS TO THE 
80C 196KA 


The following list of suggestions for designing an 
8X9XBH system will yield a design that is easily con- 
verted to the 80C196KA. 


1. Do not base critical timing loops on instruction or 
peripheral execution times. 


2. Use equate statements to set all timing parame- 
ters, including the baud rate. 


3. Do not base hardware timings on CLKOUT or 
XTAL1. The timings of the 80C196KA are differ- 
ent than those of the 8X9XBH, but they will func- 
tion with standard ROM/EPROM/Peripheral type 
memory systems. 


4. Make sure all inputs are tied high or low and not 
left floating. 


5. On the 8X9XBH, the WRL/WR and WRH/BHE 
signals both go low for byte writes to odd ad- 
dresses in 8-bit write strobe mode. On the 
80C196KA, only the WRH/BHE signal goes low 
for this type of operation. 


6. Indexed and indirect operations relative to the 
stack pointer (SP) work differently on the 
80C196KA than on the 8096. On the 8096, the 
address is calculated based on the un-updated 
version of the stack pointer. The 80C196KA uses 
the updated version. The offset for PUSH[SP], 
POP[SP], PUSH nn[SP] and POP nn[SP] instruc- 
tions may need to be changed by a count of 2. 


ae 


NEW FEATURE SUMMARY 


CPU FEATURES 


Divide by 2 instead of divide by 3 clock for 1.5X per- 
formance 


Faster instructions, especially indexed/indirect data 
operations 


2.33 ws 16. x 16 multiply with 12 MHz clock (was 
6.25 ps) 


Faster interrupt response (almost twice as fast) 
Different Reset Sequence 

Powerdown and Idle Modes 

Clock Failure Detect 


6 new instructions including Compare Long and 
Block Move 


8 new interrupt vectors 


PERIPHERAL FEATURES 


SFR Window switching allows read-only registers to 
be written and vice-versa 


Timer2 can count up and down by external selection 
Timer2 has an independent capture register 

HSO lines which transitioned are saved 

HSO lines can be written directly 

HSO has CAM Lock and CAM Clear commands 


A to D has a selectable sample and hold and speed 
control 


New Baud Rate values are needed for serial port, 
higher speeds possible in all modes 


Double buffered serial port transmit register 


Serial Port Receive Overrun and Framing Error De- 
tection 


PWM has a Divide-by-2 Prescaler 


21-118 


Using The 8096 


IRA HORDEN 
MCO APPLICATIONS ENGINEER 


21-119 


September 1987 


Order Number: 270061-002 


> 


on 2 win ee ee ee 


+ 


a 


. - 
" 


mal ol Wed gece og ah it 4 ee, ont - j is ” 
es 7) C0 Sp Rey Ce FER. — Rte os. 9 pater tee I “eed andl op mele. Wi Ets » 


a 
. 
4 
‘ 
’ 
. 
‘ 


; « 
= e « i ‘ - 


_ 
4 
aus 


a 
» 
i 


~ 


' 
se 


« 
” 
~ 
oh ee 


ae 


. 


- 
. 


he 
, 


. 
= 

. 

= 

» 
pow 
o, 

. 

e 
te 
ae 
~ 
mars 

w 

cin lig dhe 


’ 
. 
. 


Se Oh ee ee ee - me * ey —_ - - Ona 1 ore ee ¥ * —< ere wea ay wee eek on a ng ae ee 
: “ — “ a 
= » Nelle . ~~ 


.4. _>« 


5 ae rie? a 
ve geri 
»4 a ‘ ie® 


1.0 INTRODUCTION 


High speed digital signals are frequently encountered in 
modern control applications. In addition, there is often 
a requirement for high speed 16-bit and 32-bit precision 
in calculations. The MCS®-96 product line, generically 
referred to as the 8096, is designed to be used in appli- 
cations which require high speed calculations and fast 
I/O operations. 


The 8096 is a 16-bit microcontroller with dedicated 
I/O subsystems and a complete set of 16-bit arithmetic 
instructions including multiply and divide operations. 
This Ap-note will briefly describe the 8096 in section 2, 
and then give short examples of how to use each of its 
key features in section 3. The concluding sections fea- 
ture a few examples which make use of several chip 
features simultaneously and some hardware connection 
suggestions. Further information on the 8096 and its 
use is available from the sources listed in the bibliogra- 


phy. 
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2.0 8096 OVERVIEW 


2.1. General Description 


Unlike microprocessors, microcontrollers are generally 
optimized for specific applications. Intel’s 8048 was op- 
timized for general control tasks while the 8051 was 
optimized for 8-bit math and single bit boolean opera- 
tions. The 8096 has been designed for high speed/high 
performance control applications. Because it has been 
designed for these applications the 8096 architecture is 
different from that of the 8048 or 8051. 


There are two major sections of the 8096; the CPU 
section and the I/O section. Each of these sections can 
be subdivided into functional blocks as shown in Figure 
2-1. 


CLKOUT 


ON-CHIP 
ROM 


INST. REG. 


CONTROL 
UNIT 


MEMORY 
CONTROLLER 


HSIO UNIT 
—-— 


Ne ee ed Pe ee ey ee 


v 
w 


ADDR/DATA 
BUS 


vw 
> 


i Bi 


P2/ALT. FUNCTIONS 
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Figure 2-1. 8096 Block Diagram 
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2.1.1. CPU SECTION 


The CPU of the 8096 uses a 16-bit ALU which operates 
on a 256-byte register file instead of an accumulator. 
Any of the locations in the register file can be used for 
sources or destinations for most of the instructions. 
This is called a register to register architecture. Many 
of the instructions can also use bytes or words from 
anywhere in the 64K byte address space as operands. A 
memory map is shown in Figure 2-2. 


EXTERNAL MEMORY 


INTERNAL PROGRAM 
STORAGE ROM 


INTERRUPT 
~ VECTORS 


INTERNAL RAM 

REGISTER FILE 

STACK POINTER 
SPECIAL FUNCTION REGISTERS 


(WHEN ACCESSED AS 
DATA MEMORY) 


In the lower 24 bytes of the register file are the register- 
mapped I/O control locations, also called Special 
Function Registers or SFRs.. These registers are used to 
control the on-chip I/O features. The remaining 232 
bytes are general purpose RAM, the upper 16 of which 
can be kept alive using a low current power-down 
mode. 


2080H — RESET 


2012H 


EXTERNAL MEMORY RESERVED 
FOR USE BY INTEL DEVELOPMENT 
SYSTEMS 

(WHEN ACCESSED AS PROGRAM 
MEMORY) 
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Figure 2-2. Memory Map 
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Figure 2-3 shows the layout of the register mapped 
I/O. Some of these registers serve two functions, one if 
they are read from and another if they are written control. 


POWER-DOWN 
RAM 


INTERNAL 
REGISTER FILE 


| (RAM) | 
1AH 26 
STACK POINTER 


STACK POINTER 


PWM_CONTROL 


10 PORT 2 


10 PORT 1 : 
BAUD_RATE 


[HSLMODE 


LSBUF(RK) 
Ei Renee 


(WHEN READ) (WHEN WRITTEN) 


Figure 2-3: SFR Layout 
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to. More information about the use of these registers is 
included in the description of the features which they 
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2.1.2. 1/O FEATURES ~— 


Many of the I/O features on the 8096 are designed to 
operate with little CPU intervention. A list of the major 
I/O functions is shown in Figure 2-4. The Watchdog 
Timer is an internal timer which can be used to reset 
the system if the software fails to operate properly. The 
Pulse-Width-Modulation (PWM) output can be used as 
a rough D to A, a motor driver, or for many other 
purposes. The A to D converter (ADC) has 8 multi- 
plexed inputs and 10-bit resolution. The serial port has 
several modes and its own baud rate generator. The 
High Speed I/O section includes a 16-bit timer, a 16-bit 
counter, a 4-input programmable edge detector, 4 soft- 
ware timers, and a 6-output programmable event gener- 
ator. All of these features will be described in section 
y eS 


2.2. The Processor Section 


2.2.1. OPERATIONS AND ADDRESSING MODES 


The 8096 has 100 instructions, some of which operate 
on bits, some on bytes, some on words and some on 
longs (double words). All of the standard logical and 
arithmetic functions are available for both byte and 
word operations. Bit operations and long operations are 
provided for some instructions. There are also flag ma- 
nipulation instructions as well as jump and call instruc- 
tions. A full set of conditional jumps has been included 
to speed up testing for various conditions. 


Bit operations are provided by the Jump Bit and Jump 
Not Bit instructions, as well as by immediate masking 
of bytes. These bit operations can be performed on any 
of the bytes in the register file or on any of the special 
function registers. The fast bit manipulation of the 
SFRs can provide rapid I/O operations. 


High Speed Input Unit 
High Speed Output Unit 
Pulse Width Modulation 
A to D Converter 
Watchdog Timer 

Serial Port 

Standard |/O Lines 


Provide Interface to the External World when other Special Features 
are not needed 


A symmetric set of byte and word operations make up 
the majority of the 8096 instruction set. The assembly 
language for the 8096 (ASM-96) uses a ““B” suffix on a 
mnemonic to indicate a byte operation, without this 
suffix a word operation is indicated. Many of these op- 
erations can have one, two or three operands. An exam- 
ple of a one operand instruction would be: 


NOT Value1 ; Value1 : = 1’s complement (Value1) 
A two operand instruction would have the form: 

ADD Value2,Valuei ; Value2 : = Value2 + Value1 
A three operand instruction might look like: 


MUL Value3,Value2,Value1 ; 
Value3 : = Value2” Value1 


The three operand instructions combined with the reg- 
ister to register architecture almost eliminate the neces- 
sity of using temporary registers. This results in a faster 
processing time than machines that have equivalent in- 
struction execution times, but use a standard architec- 
ture. ; 


Long (32-bit) operations include shifts, normalize, and 
multiply and divide. The word divide is a 32-bit by 16- 
bit operation with a 16-bit quotient and 16-bit remain- 
der. The word multiply is a word by word multiply 
with a long result. Both of these operations can be done 
in either the signed or unsigned mode. The direct un- 
signed modes of these instructions take only 6.5 micro- 
seconds. A normalize instruction and sticky bit flag 
have been included in the instruction set to provide 
hardware support for the software floating point pack- 
age (FPAL-96). 


Figure 2-4. Major I/O Functions 
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PUSHF SP. <— SP — 2; (SP) <—- PSW; 
PSW <— 0000H inert", 


Vic a ek ee ee eS a ea ee Ae ee ee 

FT: ES a eee ee OE ee ae ee 
oe) RE te ptofeet aa 
| BR(indirect) | 1 | PC <— (A) 


SCALL SP < SP — 2;(SP) <— PC; 
PC < PC + 11-bit offset 

LCALL SP < SP — 2;(SP) <— PC; 
PC < PC + 16-bit offset 


RBS GPS, ee SO SS a 

pene peas tae ee oo Oe eee 
See RAT Re a Fe ae 
aaa a ET Bs ee ee 
FSS AM so es BO eS EN eee 


Figure 2-5. Instruction Summary 


—_— | 


—s 


‘ 


NOTES: 

1. If the mnemonic ends in “B’”, a byte operation is performed, otherwise a word operation is done. Operands D, B, and A 
must conform to the alignment rules for the required operand type. D and B are locations in the register file; A can be 
located anywhere in memory. 

2.D, D + 2 are consecutive WORDS in memory; D is DOUBLE-WORD aligned. 

3. D, D + 1 are consecutive BYTES in memory; D is WORD aligned. 

4. Changes a byte to a word. 

5. Offset is a 2’s complement number. 
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Operation (Note 1) 
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Oper- 
ands 


= 1 


1 
1 
1 
1 
1 
1 


Jump if ST = 0 


JNST 
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Se eee eee es eae eee 
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ioe ie SS See ese a? i i eee 
RST oS ee ens Oe eS eee 
| 0 | Disable All interrupts (1 <0) - | —|—|—|-—|-—|[-]| | 
| 0 | Enable Allinterrupts(1 <— 1) | — ie o, 
Po Poe Peet ee eet 
is ie etn dae ae oelhe Pukatow ooo 
| 2 | Left Shift Till msb = 1;D < shiftcoutt| ~ |? ]/0/—|—|[—] 7 | 


SP <— SP — 2;(SP) < PC 
PC < (2010H) 


Figure 2-5. Instruction Summary (Continued) _ 


SKIP 


NORML 


TRAP 


NOTES: 

1. If the mnemonic ends in “B’’, a byte operation is performed, otherwise a word operation is done. Operands D, B, and A 
must conform to the alignment rules for the required operand type. D and B are locations in the register file; A can be 
located anywhere in memory. 

5. Offset is a 2’s complement number. \ 
6. Specified bit is one of the 2048 bits in the register file. 

7. The “L” (Long) suffix indicates double-word operation. 

8. Initiates a Reset by pulling RESET low. Software should re-initialize all the necessary registers with code starting at 
2080H. 

9. The assembler will not accept this mnemonic. 
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One operand of most of the instructions can be used 
with any one of six addressing modes. These modes 
increase the flexibility and overall execution speed of 
the 8096. The addressing modes are: register-direct, im-' 
mediate, indirect, indirect with auto-increment, and 
long and short indexed. 


The fastest instruction execution is gained by using ei- 
ther register direct or immediate addressing. Register- 
direct addressing is similar to normal direct addressing, 
except that only addresses in the register file or SFRs 
can be addressed. The indexed mode is used to directly 
address the remainder of the 64K address space. Imme- 
diate addressing operates as would be expected, using 
the data following the opcode as the operand. 


Both of the indirect addressing modes use the value in a 
word register as the address of the operand. If the indi- 
rect auto-increment mode is used then the word register 
is incremented by one after a byte access or by two after 
a word access. This mode is particularly useful for ac- 
cessing lookup tables. 


Access to any of the locations in the 64K address space 
can be obtained by using the long indexed addressing 


Dest or Src1 
Dest, Src1 
Dest, Src1, Src2 


#Src1 
Dest, #Src1 
Dest, Srci, #Src2 


[addr] 

[addr] + 

Dest, [addr] 

Dest, [addr] + 

Dest, Src1, [addr] 
Dest, Src1, [addr] + 


Dest, offs [addr] 
Dest, Src1, offs [addr] 


: “"Mnem” is the instruction mnemonic 
“Dest” is the destination register 
“Src1”, “Src2” are the source registers 


mode. In this mode a 16-bit 2’s complement value is 
added to the contents of a word register to form the 
address of the operand. By using the zero register as the 
index, ASM96 (the assembler) can accept “direct” ad- 
dressing to any location. The zero register is located at 
OOOOH and always has a value of zero. A short indexed 
mode is also available to save some time and code. This 
mode uses an 8-bit 2’s complement number as the offset 
instead of a 16-bit number. 


2.2.2. ASSEMBLY LANGUAGE 


The multiple addressing modes of the 8096 make it easy 
to program in assembly language and provide an excel- 
lent interface to high level languages. The instructions 
accepted by the assembler consist of mnemonics fol- 
lowed by either addresses or data. A list of the mne- 
monics and their functions are shown in Figure 2-5. 
The addresses or data are given in different formats 
depending on the addressing mode. These modes and 
formats are shown in Figure 2-6. 


Additional information on 8096 assembly language is 
available in the MCS-96 Macro Assembler Users 
Guide, listed in the bibliography. 


; One operand direct 
; Two operand direct 
; Three operand direct 


; One operand immediate 
; Two operand immediate 
; Three operand immediate 


; One operand indirect 

; One operand indirect auto-increment 

; Two operand indirect 

; Two operand indirect auto-increment 

; Three operand indirect 

; Three operand indirect auto-increment 


- Two operand indexed (short or long) 
; Three operand indexed (short or long) 


“addr” is a register containing a value to be used in computing the address of an operand 
“offs” is an offset used in computing the address of an operand 
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Figure 2-6. Instruction Format 
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SOFTWARE TIMER 1 
SOFTWARE TIMER 2 
SOFTWARE TIMER 3 
RESET TIMER 2° 

START A/D CONVERSION* 


HS!.0 ——_£@——_—_——__—_—__——_ H'S.0 


r--- HSQ_ COMMAND.4 


. 
ANY HSO OPERATION ——o So——————— HIGH SPEED OUTPUTS 


r---10C1.7 


FIFO IS FULL ———_0| 
HS! DATA AVAILABLE 


HOLDING REGISTER LOADED —————o 


A/D CONVERSION COMPLETE —————_—_—_—— A.D CONVERSION COMPLETE 


caer 10C1.2 
TIMER! OVERFLOW ————_O TIMER OVERFLOW 
TIMER2 OVERFLOW ere 
*Only when Initiated by the HSO unit. / b--=- 10C1.3 
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Figure 2-7. interrupt Sources 


Software 
Extint 


2.2.3. INTERRUPTS 


Vector 
Location 


Byte) | Byte) 


Not Applicable 
7 (Highest) 


The flexibility of the instruction set is carried through 
into the interrupt system. There are 20 different inter- 
rupt sources that can be. used on the 8096. The 20 
sources vector through 8 locations or interrupt vectors. 
The vector names and their sources are shown in Fig- 


ure 2-7, with their locations listed in Figure 2-8. Con- Serial Port 6 
trol of the interrupts is handled through the Interrupt Software Timers |: 5 
Pending Register (INT_.PENDING), the Interrupt HSI.0 4 
Mask Register (INT__MASK), and the I bit in the High Speed 3 


PSW (PSW.9). Figure 2-9 shows a block diagram of the Outputs 

interrupt structure. The INT_.PENDING register HS! Data 

contains bits which get set by hardware when an inter- Available 

rupt occurs. If the interrupt mask register bit for that A/D Conversion | 2003H 


source is a 1 and PSW.9 = 1, a vector will be taken to 


Complete 
the address listed in the interrupt vector table for that i 


Figure 2-8. Interrupt Vectors and Priorities 
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ae 


source. When the vector is taken the INT_PENDING The software can make the hardware interrupts work in 


bit is cleared. If more than one bit is set in the INT__ almost any fashion desired by having each routine run 
PENDING register with the corresponding bit set in with its own setup in the INT__MASK register. This 
the INT__MASK register, the Interrupt with the high- will be clearly seen in the examples in section 4 which 
est priority shown in Figure 2-8 will be executed. change the priority of the vectors in software. The 
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Figure 2-9. Interrupt Structure Block Diagram 
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WHERE: 


V is the overflow flag. It is set if an overflow occurs. 


| is the global interrupt enable bit. 


15 8.) IZA 08 | 07 | 06! 05 | 04 | 03 | 02 | 01 |! 00 
Z V {| VT {| C ST INT_.MASK 


Z is the zero flag. It is set when the result of an operation is zero. 
N is the negative flag. It is set to the algebraically correct sign of the result regardless of overflows. 


VT is the overflow trap flag. It is set when the VT flag is set and cleared by JVT, JNVT, or CLRVT. 
C is the carry flag. It is set if a carry was generated by the prior operation. 


ST is the sticky bit. It is set during a right shift if a one was shifted into and then out of the carry flag. 
INT__MASK is the interrupt mask register and contains bits which individually enable the 8 interrupt vectors. 


Figure 2-10. The PSW Register 


PSW (shown in Figure 2-10), stores the INT_MASK 
register in its lower byte so that the mask register can 
be pushed and popped along with the machine status 
when moving in and out of routines. The action of 
pushing flags clears the PSW which includes PSW.9, 
the interrupt enable bit. Therefore, after a PUSHF in- 
struction interrupts are disabled. In most cases an inter- 
rupt service routine will have the basic structure shown 
below. , 


INT VECTOR: 
PUSHF 
LDB INT_MASK, #xxxxxxxxB 
EI 


- sInsert service routine here 


POPF 
RET 


The PUSHF instruction saves the PSW including the 
old INT__MASK register. The PSW, including the in- 
terrupt enable bit are left cleared. If some interrupts 
need to be enabled while the service routine runs, the 
INT__MASK is loaded with a new value and inter- 
rupts are globally enabled before the service routine 


- continues. At the end of the service routine a POPF in- 


struction is executed to restore the old PSW. The RET 
instruction is executed and the code returns to the de- 
sired location. Although the POPF instruction can en- 
able the interrupts the next instruction will always exe- 
cute. This prevents unnecessary building of the stack by 
ensuring that the RET always executes before another 


interrupt vector is taken. 


2.3. On-Chip I/O Section 


All of the on-chip I/O features of the 8096 can be ac- 
cessed through the special function registers, as shown 
in Figure 2-3. The advantage of using register-mapped 
I/O is that these registers can be used as the sources or 
destinations of CPU operations. There are seven major 
I/O functions. Each one of these will be considered 
with a section of code to exemplify its usage. The first 
section covered will be the High Speed I/O, (HSIO), 
subsystem. This section includes the High Speed Input 
(HSI) unit, High Speed Output (HSO) unit, and the 
Timer/Counter section. 


2.3.1. TIMER/COUNTERS 


The 8096 has two time bases, Timer 1 and Timer 2. 
Timer 1 is a 16-bit free running timer which is incre- 
mented every 8 state times. (A state time is 3 oscillator 
periods, or 0.25 microseconds with a 12 MHz crystal.) 
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¢ Pulse measurement with 2.0 wsec resolution 
¢ Input transitions trigger the recording of the reference 
Timer (16-bit) and triggered input(s) (4-bit) 


_ Figure 2-11. HSI Unit Block Diagram 


Its value can be read at any time and used as a refer- 
ence for both the HSI section and the HSO section. 
Timer 1 can cause an interrupt when it overflows, and 
cannot be modified or stopped without resetting the 
entire chip. Timer 2 is really an event counter since it 
uses an external clock source. Like Timer 1, it is 16-bits 
wide, can be read at any time, can be used with the 
HSO section, and can generate an interrupt when it 
overflows. Control of Timer 2 is limited to increment- 
ing it and resetting it. Specific values can not be written 
to it. 


Although the 8096 has only two timers, the timer flexi- 
bility is equal to a unit with many timers thanks to the 
HSIO unit. The HSI enables one to measure times of 
external events on up to four lines using Timer 1 as a 
timer base. The HSO unit can schedule and execute 
internal events and up to six external events based on 
the values in either Timer 1 or Timer 2. The 8096 also 
includes separate, dedicated timers for the baud rate 
generator and watchdog timer. 


2.3.2. HSI 


The HSI unit can be thought of as a message taker 
which records the line which had an event and the time 
at which the event occurred. Four types of events can 
trigger the HSI unit, as shown in the HSI block dia- 
gram in Figure 2-11. The HSI unit can measure pulse 
widths and record times of events with a 2 


LOCATION 03H 


HSI.0 MODE 
HSI.1 MODE 
HSI.2 MODE 
HSI.3 MODE 
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Where each 2-bit mode control field 
defines one of 4 possible modes: 


00 8 positive transitions 

01 Each positive transition 

10 Each negative transition 

11 Every transition (positive and negative) 


Figure 2-12. HSI Mode Register 
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microsecond resolution. It can look for one of four 
events on each of four lines simultaneously, based on 
the information in the HSI Mode register, shown in 
Figure 2-12. The information is then stored in a seven 
level FIFO for later retrieval. Whenever the FIFO con- 
tains information, the earliest entry is placed in the 
holding register. When the holding register is read, the 
next valid piece of information is loaded into it. Inter- 
rupts can be generated by the HSI unit at the time the 


2.0 uS CLOCK 


e 
CAM FILE 
at 


HOLDING REGISTER 


16 
HSO_TIME 


holding register is loaded or when the FIFO has six or 
more entries. 


2.3.3. HSO 


Just as the HSI can be thought of as a message taker, 
the HSO can be thought of as a message sender. At 
times determined by the software, the HSO sends mes- 


HSO.0 - HSO.5 

HSO.0 AND HSO.1 

HSO.2 AND HSO.3 
SOFTWARE TIMERS 

RESET TIMER 2 

START A/D CONVERSION 
INTERRUPT/NO INTERRUPT 
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INITIATE A/D CONVERSION 
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Figure 2-14. HSO Block Diagram 
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sages to various devices to have them turn on, turn off, 
start processing, or reset. Since the programmed times 
can be referenced to either Timer 1 or Timer 2, the 
HSO makes the two timers look like many. For exam- 
ple, if several events have to occur at specific times, the 
HSO unit can schedule all of the events based on a 
single timer. The events that can be scheduled to occur 
and the format of the command written to the HSO 
Command register are shown in Figure 2-13. 


The software timers listed in the figure are actually 4 
software flags in I/O Status Register 1 (IOS1). These 
flags can be set, and optionally cause an interrupt, at 
any time based on Timer 1 or Timer 2. In most cases 
these timers are used to trigger interrupt routines which 
must occur at regular intervals. A multitask process 
can easily be set up using the software timers. 
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A CAM (Content Addressable Memory) file is the 
main component of the HSO. This file stores up to 
eight events which are pending to occur. Every state 
time one location of the CAM is compared with the 
two timers. After 8 state times, (two microseconds with 
a 12 MHz clock), the entire CAM has been searched 
for time matches. If a match occurs the specified event 
will be triggered and that location of the CAM will be 
made available for another pending event. A block dia- 
gram of the HSO unit is shown in Figure 2-14. 


2.3.4. Serial Port 


Controlling a device from a remote location is a simple 
task that frequently requires additional hardware with 
many processors. The 8096 has an on-chip serial port to 
reduce the total number of chips required in the system. 


SP_CON 
(WRITE ONLY) 


7 4 
RBS/RPE TBB 


NOTE: 
Tl and RI are cleared when SP__CON is read. 


Figure 2-15. Serial Port Control/Status Register 


M2,M1 SPECIFIES THE MODE; 


0,0 = MODE 0 


ENABLE THE PARITY FUNCTION (EVEN PARITY); 
ENABLES THE RECEIVE FUNCTION; 

PROGRAMS THE 9TH DATA BIT (iF NOT PARITY) ON 
TRANSMISSION; 

IS THE TRANSMIT INTERRUPT FLAG; 


IS THE RECEIVE INTERRUPT FLAG; 


IS THE 9TH DATA BIT RECEIVED (IF NOT PARITY); 
IS THE PARITY ERROR INDICATOR (IF PARITY ACTIVE). 
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The serial port is similar to that on the MCS-51 prod- 
uct line. It has one synchronous and three asynchro- 
nous modes. In the asynchronous modes baud rates of 
up to 187.5 Kbaud can be used, while in the synchro- 
nous mode rates up to 1.5 Mbaud are available. The 
chip has a baud rate generator which is independent of 
Timer 1 and Timer 2, so using the serial port does not 
take away any of the HSI, HSO or timer flexibility or 
functionality. 


Control of the serial port is provided through the 
SPCON/SPSTAT (Serial Port CONtrol/Serial Port 
STATus) register. This register, shown in Figure 2-15, 
has some bits which are read only and others which are 
write only. Although the functionality of the port is 
similar to that of the 8051, the.names of some of the 
modes and control bits are different. The way in which 
the port is used from a software standpoint is also 
slightly different since RI and TI are cleared after each 
read of the register. 


The four modes of the serial port are referred to as 
modes 0, 1, 2 and 3. Mode 0 is the synchronous mode, 
and is commonly used to interface to shift registers for 
I/O expansion. In this mode the port outputs a pulse 
train on the TXD pin and either transmits or receives 
data on the RXD pin. Mode 1 is the standard asyn- 
chronous mode, 8 bits plus a stop and start bit are sent 
or received. Modes 2 and 3 handle 9 bits plus a stop and 
start bit. The difference between the two is, that in 
Mode 2 the serial port interrupt will not be activated 
unless the ninth data bit is a one; in Mode 3 the inter- 
rupt is activated whenever a byte is received. These two 
modes are commonly used for interprocessor communi- 
cation. 


Using XTAL1: 


f 
Baud _ XTAL1 rey, #0 


Mode 0: Rate 4B +1) 


Baud _ XTAL1 frequency 


Rate 64*(B + 1) 
Using T2CLK: | 


Others: 
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Rate B 1B # 


Mode 0; Baud — 0 


T2 f 
Others: Baud = Tet eerey, B+ 


Rate 16*B 0 


Note that B cannot equal 0, except when using 
XTAL1 in other than mode 0. 


Figure 2-16. Baud Rate Formulas 
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Baud rates for all of the modes are controlled through 
the Baud Rate register. This isa byte wide register 
which is loaded sequentially with two bytes, and inter- 
nally stores the value as a word. The least significant 
byte is loaded to the register followed by the most sig- 
nificant. The most significant bit of the baud value de- 
termines the clock source for the baud rate generator. If 
the bit is a one, the XTALI pin is used as the source, if 
it is a zero, the T2 CLK pin is used.: The formulas 
shown in Figure 2-16 can be used to calculate the baud 
rates. The variable “B” is used to represent the least 
significant 15 bits of the value loaded into the baud rate 
register. 


The baud rate register values for common baud rates 
are shown in Figure 2-17. These values can be used 
when XTALI is selected as the clock source for serial 
modes other than Mode 0. The percentage deviation 
from theoretical is listed to help assess the reliability of 
a given setup. In most cases a serial link will work if 
there is less than a 2.5% difference between the baud 


~ rates of the two systems. This is based on the assump- 


tion that 10 bits are transmitted per frame and the last 
bit of the frame must be valid for at least six-eights of 
the bit time. If the two systems deviate from theoretical 
by 1.25% in opposite directions the maximum toler- 
ance of 2.5% will be reached. Therefore, caution must 
be used when the baud rate deviation approaches 
1.25% from theoretical. Note that an XTAL1 frequen- 
cy of 11.0592 MHz can be used with the table values 
for 11 MHz to provide baud rates that have 0.0 percent 
deviation from theoretical. In most applications, how- 
ever, the accuracy available when using an 11 MHz 
input frequency is sufficient. 


Serial port Mode 1 is the easiest mode to use as there is 
little to worry about except initialization and loading 
and unloading SBUF, the Serial port BUFfer. If parity 
is enabled, (i.e., PEN=1), 7 bits plus even parity are 
used instead of 8 data bits. The parity calculation is 
done in hardware for even parity. Modes 2 and 3 are 
similar to Mode 1, except that the ninth bit needs to be 
controlled and read. It is also not possible to enable 
parity in Mode 2. When parity is enabled in Mode 3 the 
ninth bit becomes the parity bit. If parity is not enabled, 
(i.e., PEN = 0), the TB8 bit controls the state of the 
ninth transmitted bit. This bit must be set prior to each 
transmission. On reception, if PEN = 0, the RB8 bit 
indicates the state of the ninth received bit. If parity is 
enabled, (i.e... PEN = 1), the same bit is called RPE 
(Receive Parity Error), and is used to indicate a parity 
error. 
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Baud Rate . 
19.2K 
9600 
4800 
2400 
1200 


XTAL1 Frequency = 12.0 MHz 
Baud Register Value 
8009H 


8026H 
804DH 
809BH 
8270H 
XTAL1 Frequency = 11.0 MHz 
8008H 


8047H 
808EH 
823CH 
XTAL1 Frequency = 10.0 MHz 
8007H 
800FH 
8020H 
8040H 
8081H 
8208H 


BSS 
ie.) 
oO 
=) 


Percent Error 
+ 2.40 
+ 2.40 


—0.16 
—,10 


+ 0.54 
+ 0.54 
+ 0.54 
+ 0.54 


+0.01 


— 1.70 
me i, 
+ 1.38 


+ 0.03 


Figure 2-17. Baud Rate Values for 10, 11, 12 MHz 


The software used to communicate between processors 
is simplified by making use of Modes 2 and 3. In a basic 
protocol the ninth bit is called the address bit. If it is set 
high then the information in that byte is either the ad- 
dress of one of the processors on the link, or a com- 
mand for all the processors. If the bit is a zero, the byte 
contains information for the processor or processors 
previously addressed. In standby mode all processors 
wait in Mode 2 for a byte with the address bit set. 
When they receive that byte, the software determines if 
the next message is for them. The processor that is to 


receive the message switches to Mode 3 and receives 
the information. Since this information is sent with the 
ninth bit set to zero, none of the processors set to Mode 
2 will be interrupted. By using this scheme the overall 
CPU time required for the serial port is minimized. 


A typical connection diagram for the multi-processor 
mode is shown in Figure 2-18. This type of communica- 
ton can be used to connect peripherals to a desk top 
computer, the axis of a multi-axis machine, or any oth- 
er group of microcontrollers jointly performing a task. 
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Figure 2-18. Multiprocessor Communication 


Mode 0, the synchronous mode, is typically used for 
interfacing to shift registers for I/O expansion. The 
software to control this mode involves the REN (Re- 
ceiver ENable) bit, the clearing of the RI bit, and writ- 
ing to SBUF. To transmit to a shift register, REN is set 
to zero and SBUF is loaded with the information. The 
information will be sent and then the TI flag will be set. 
There are two ways to cause a reception to begin. The 
first is by causing a rising edge to occur on the REN 
bit, the second is by clearing RI with REN = 1. In 
either case, RI is set again when the received byte is 
available in SBUF. 


2.3.5. A to D CONVERTER 


Analog inputs are frequently required in a microcon- 
troller application. The 8097 has a 10-bit A to D con- 
verter that can use any one of eight input channels. The 
conversions are done using the successive approxima- 
tion method, and require 168 state times (42 microsec- 
onds with a 12 MHz clock.) 


The results are guaranteed monotonic by design of the 
converter. This means that if the analog input voltage 
changes, even slightly, the digital value will either stay 
the same or change in the same direction as the analog 


. input. When doing process control algorithms, it is fre- 


quently the changes in inputs that are required, not the 
absolute accuracy of the value. For this reason, even if 
the absolute accuracy of a 10-bit converter is the same 
as that of an 8-bit converter, the 10-bit monotonic con- 
verter is much more useful. 


Since most of the analog inputs which are monitored by 
a microcontroller change very slowly relative to the 42 
microsecond conversion time, it is acceptable to use a 
capacitive filter on each input instead of a sample and 
hold. The 8097 does not have an internal sample and 
hold, so it is necessary to ensure that the input signal 
does not change during the conversion time. The input 
to the A/D must be between ANGND and VREF. 
ANGND must be within a few millivolts of VSS and 
VREF must be within a few tenths of a volt of VCC. 


Using the A to D converter on the 8097 can be a very 
low software overhead task because of the interrupt and 
HSO unit structure. The A to D can be started by the 
HSO unit at a preset time. When the conversion is com- 
plete it is possible to generate an interrupt. By using 
these features the A to D can be run under complete 
interrupt control. The A to D can also be directly 
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A/D Command Register 
(LOCATION 02H) 


CHANNEL # SELECTS WHICH OF THE 8 ANALOG INPUT 
CHANNELS IS TO BE CONVERTED TO DIGITAL FORM; 


GO INDICATES WHEN THE CONVERSION IS TO BE 
INITIATED (GO=1 MEANS START NOW, GO=0 
MEANS THE CONVERSION IS TO BE INITIATED 
BY THE HSO UNIT AT A SPECIFIED TIME). 


A/D Result Register 
(LOCATION 03H) 


270061-12 


(LOCATION 02H) 


A/D CHANNEL NUMBER 


STATUS 
0 = A/D CURRENTLY IDLE 
1 = CONVERSION IN PROCESS 


A/D RESULT: 
LEAST SIGNIFICANT 2 BITS 


MOST SIGNIFICANT BYTE 
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Figure 2-19. A to D Result/Command Register 


controlled by software flags which are located in the 
AD__RESULT/AD__COMMAND Register, shown 
in Figure 2-19. 


2.3.6. PWM REGISTER 


Analog outputs are just as important as analog inputs 
when connecting to a piece of equipment. True digital 
to analog converters are difficult to make on a micro- 
processor because of all of the digital noise and the 
necessity of providing an on chip, relatively high cur- 


rent, rail to rail driver. They also take up a fair amount | 


of silicon area which can be better used for other fea- 
tures. The A to D converter does use a D to A, but the 
currents involved are very small. 


For many applications an analog output signal can be 
replaced by a Pulse Width Modulated (PWM) signal. 
This signal can be easily generated in hardware, and 


takes up much less silicon area than a true D to A. The 
signal is a variable duty cycle, fixed frequency wave- 
form that can be integrated to provide an approxima- 
tion to an analog output. The frequency is fixed at a 
period of 64 microseconds for a 12 MHz clock speed. 
Controlling the PWM simply requires writing the de- 
sired duty cycle value (an 8-bit value) to the PWM 
Register. Some typical output waveforms that can be 
generated are shown in Figure 2-20. 


Converting the PWM signal to an analog signal varies 
in difficulty, depending upon the requirements of the 
system. Some systems, such as motors or switching 
power supplies actually require a PWM signal, not a 
true analog one. For many other cases it is necessary 
only to amplify the signal so that it switches rail-to-rail, 
and then filter it. Switching rail-to-rail means that the 
output of the amplifier will be a reference value when 
the input is a logical one, and the output will 
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be zero when the input is a logical zero. The filter can The RC network determines how | quiet the output is, 
be a simple RC network or an active filter. If a large but the quieter the output, the slower it can change. 


amount of current is needed a buffer is also required. The design of high accuracy voltage followers and ac- 
For low output currents, (less than 100 microamps or tive filters is beyond the scope of this paper, however 
so), the circuit shown in Figure 2-21 can be used. many books on the subject are available. 
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* 1/2 VQ3001P 
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*This resistor limits Rise Time to reduce spikes and high frequency noise. 


Figure 2-21. PWM to Analog Conversion Circuitry 
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3.0 BASIC SOFTWARE EXAMPLES 


The examples in this section show how to use each I/O 
feature individually. Examples of using more than one 
feature at a time are described in section 4. All of the 
examples in this ap-note are set up to be used as listed. 
If run through ASM96 they will load and run on an 
SBE-96. In order to insure that the programs work, the 
stack pointer is initialized at the beginning of each pro- 
gram. If the programs are going to be used as modules 
of other programs, the stack pointer initialization 
should only be used at the beginning of the main pro- 
gram. 


To avoid repetitive declarations the “include’’ file 
“DEMO96.INC”,, shown in Listing 3-1, is used. ASM- 
96 will insert this file into the code file whenever the 
directive “INCLUDE DEMO96.INC” is used. The file 
contains the definitions for the SFRs and other vari- 
ables. The include statement has been placed in all of 
the examples. It should be noted that some of the lab- 


els in this file are different from those in the file 
8096.INC that is provided in the ASM-96 package. 


3.1. Using the 8096’s Processing 
Section 


3.1.1. TABLE INTERPOLATION 


A good way of increasing speed for many processing 
tasks is to use table lookup with interpolation. This can 
eliminate lengthy calculations in many algorithms. Fre- 
quently it is used in programs that generate sine wave- 
forms, use exponents in calculations, or require some 
non-linear function of a given input variable. Table 
lookup can also be used without interpolation to deter- 
mine the output state of I/O devices for a given state of 
a set of input devices. The procedure is also a good 
example of 8096 code as it uses many of the software 
features. Two ways of making a lookup table are de- 
scribed, one way uses more calculation time, the second 
way uses more table space. 


pO OAH AHHAHTEAAAAAHEHREHHAHEREHRAEAAHHEHHREHEHRAAEHARABAAEHHAHHAAHHHHHHATAHEEA AHEAD 


DEMO96.INC - DEFINITION OF SYMBOLIC NAMES FOR THE I/O REGISTERS OF THE 8096 


pe AAA AHAA HAHAHA HHAHAAHAHEHAAAARHAAARARERARARHHRARARARARRARARRARHARH HANRAHAN EH 


OO0Oh: WORD 
O2H: BYTE 
O2H: BYTE 
O3H: BYTE 
O3H: BYTE 
OQ4H: WORD 
04H: WORD 
O6GH: BYTE 
O6H: BYTE 
O7H: BYTE 
O8H: BYTE 
O9H: BYTE 
l1H: BYTE 
L1H: BYTE 
OAH: BYTE 
OAH: WORD 
OCH: WORD 
OEH: BYTE 
OEH: BYTE 
OPH: BYTE 
10H: BYTE 
15H: BYTE 
15H: BYTE 
16H: BYTE 
16H: BYTE 
17H: BYTE 
16H :WORD 


EQU 
EQU 
£QU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQuU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQu 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQuU 
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AD_ COMMAND 
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SPCON 
SPSTAT 
WATCHDOG 
TIMER} 
TIMER2 
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1081 

PWM CONTROL 
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AX 
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In both methods the procedure is similar. Values of a 
function are stored in memory for specific input values. 
To compute the output function for an input that is not 
listed, a linear approximation is made based on the 
nearest inputs and nearest outputs. As an example, con- 
sider the table below. 


If the input value was one of those listed then there 
would be no problem. Unfortunately the real world is 
never so kind. The input number will probably be 259 
or something similar. If this is the case linear interpola- 
tion would provide a reasonable result. The formula is: 


UpperOutput-Lower Output 


*(Actual | t-Lower In t 
Upper InputiLower Inputs: Soot ee Lower Ineul 


Delta Out = 
Actual Output = Lower Output + Delta Out 
For the value of 259 the solution is: 


900-400 , _ 500 
Delta Out = =F, *(259-200) = —— 


Actual Output = 400 + 295 = 695 


*59 = 5 * 59 = 295 


To make the algorithm easier, (and therefore faster), it 
is appropriate to limit the range and accuracy of the 
function to only what is needed. It is also advantageous 
to make the input step (Upper Input-Lower Input) 
equal to a power of 2. This allows the substitution of 
multiple right shifts for a divide operation, thus speed- 
ing up throughput. The 8096 allows multiple arithmetic 
right shifts with a single instruction providing a very 
fast divide if the divisor is a power of two. 


For the purpose of an example, a program with a 12-bit 
output and an 8-bit input has been written. An input 
step of 16 (2**4) was selected. To cover the input range 
17 words are needed, 255/16 + 1 word to handle val- 
ues in the last 15 bytes of input range. Although only 
12 bits are required for the output, the 16-bit architec- 
ture offers no penalty for using 16 instead of 12 bits. 


The program for this example, shown in Listing 3-2, 
uses the definitions and equates from Listing 3-1, only 
the additional equates and definitions are shown in the 
code. 


Input Value Relative Table Address Table Value 


$TITLE('INTER].APT: Interpolation routine 1‘) 


ERED 


8096 Assembly code for table lookup and interpolation 


SINCLUDE(:F1:DEMO96.INC) + Include demo definitions 


RSEG at 22H 


IN VAL: 
TABLE LOW: 
TABLE HIGH: 
IN DIF: 

IN DIFB 

TAB DIF: 
OUT: 
RESULT: 

OUT DIF: 


a _ 


20680H 


LD SP, #100H 


Actual Input Value 


Upper Input - Lower Input 


Upper Output - Lower Output 


Delta Out 
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AL, Load 
AL, 


AL, 


IN VAL 
#3 
#11111110B8 Ingur 


This 


temp with Actual Value 


Divide the byte by 8 


e AL is a word address 
effectively divides AL by 2 


so AL = IN VAL/16 


Load 
[Ax] 


AX, “AL 
TABLE LOW, 


, 
TABLE 


TABLE HIGH, (TABLE+2) [ 


TAB DIF, TABLE HIGH, 


IN _DIFB, IN_VAL, @0FH 


IN DIF, IN _DIFB 


OUT DIF, IN_DIF, TAB_ 


OUT DIF, @4 


OUT, OUT DIF, TABLE L 


OUT, #4 


OUT, zero 


no_inc: sT OUT, RESULT 


BR look 


AT 2100H 


DCW 
DCW 
OCW 
DCW 
DCW 


2000H, 
6A00H, 
7DOOH, 
4BOO0H, 


AL to word AX 
TABLE LOW is loaded with the value 
in the table at table location AX 


byte 
i 
H 


3 TABLE HIGH is loaded with the 
value in the table at table 
location AX+2 

(The next value in the table 


AX) 
3 
’ 
] 


‘ 


TABLE LOW 
; TAB_DIF=TABLE HIGH-TABLE LOW 


IN DIFB=least si 
of IN_VAL 
Load byte IN DIFB to word IN DIF 


gnificant 4 bits 


DIF 
Output difference = 
Input difference*Table difference 
Divide by 16 (2*%*4) 
ow Add output difference to output 
generated with truncated IN VAL 
as input 
Round to 12-bit answer 


Round up if Carry 1 


Store OUT to RESULT 


Branch to "look:*" 


4COO0H 
7800H 
6D00H 
2200H 


3 A random function 
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Listing 3-2. ASM-96 Code for Table Lookup Routine 1 (Continued) 


If the function is known at the time of writing the soft- 
ware it is also possible to calculate in advance the 
change in the output function for a given change in the 
input. This method can save a divide and a few other 
instructions at the expense of doubling the size of the 


STITLE(*INTER2Z.APT: Interpolation 
Pak 24 8096 Assembly code for 
Pee eras 


SINCLUDE(:F1:DEMO96.INC) ; 


RSEG at 24H 
IN VAL: 
TABLE LOW: 
TABLE INC: 
IN DIF: 
IN DIFB 
OUT: 
RESULT: 
OUT DIF: 


ee ee 


Listing 3-3. ASM-96 Code 


lookup table. There are many applications where time 
is critical and code space is overly abundant. In these 
cases the code in Listing 3-3 will work to the same 
specifications as the previous example. 


routine 2') 


table lookup and interpolation 
Using tabled values in place of division 


Include demo definitions 


Actual Input Value 
Table value for function 
Incremental change in function 


Upper Input - Lower Input 


Delta Out 
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For Table Lookup Routine 2 
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~ 
7 


CSEG at 2080H 


LD SP, , 
AL, 
AL, 
AL, 


t 
U 
@111111108 ' 
’ 
’ 


AX, AL 


TABLE LOW, VAL _TABLE[AX] 


TABLE INC, 


IN DIPB, IN VAL, @0FH 
IN DIF, IN _DIFB 
OUT DIF, 


ADD OUT DIF, 


SHR 
abpc 


e4 
zero 


ST 
BR 


no _ inc: RESULT 


cseg AT 21008 

val table: 
DCW 
pcw 
DCW 
DCW 
DCW 

inc table: 
DCW 
DCW 
DCW 
oCW 


0000H, 
S5D00H, 
7BOOH, 
5D00H, 
1000H 


2000H, 
6A00H, 
7DOOH, 
4B00H, 


3400H, 
7200H, 
7600H, 
3400H, 


O200H, O140H, 
oOoD0H, 0080H, 
O0020H, OFFOOH, 
OFPEEOH, OFESOH, 


INC TABLE[AX] 


TABLE LOW 


0160H, 
0060H, 
OFF70H, 
OFEEOH, 


Initialise SP to top of reg. 


a ee ee ee ae eee 
ee ee Pe aE oie i 
ee = ere. e. by ae Tae oy haere Ee : 


F 2% ¥ Y aa 
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file 


Load temp with Actual Value 
Divide the byte by 86 


TPR eet bests sels divides Au by 2 


so AL = IW VAL/16 
Load byte 


AL to word AX 


+ TABLE LOW is loaded with the value 
? in the value table at location AX 


j 
3 


U 
3 
3 
3 
3 


3 
3 


4cooH 
7800H 
6D00H 
2200H 


TABLE INC is loaded with the value 
in the increment table at 
location AX 


IN DIFB=least significant 4 bits 
of IN VAL 
Load byte IN DIFB to word IN DIP 


IN DIP, TABLE INC 


Output difference = 
Input difference*Incremental change 


Add output difference to output 
generated with truncated IN VAL 
as input 

Round to 12-bit answer. 

Round up if Carry = 1 


Store OUT to RESULT 
Branch to “look:*"” 


3; A candom function 


O1LlLOH 
0030H 
PRFOOH 
FEEOH 


; Table of incremental 
+ differences 
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Listing 3-3. ASM-96 Code for Table Lookup Routine 2 (Continued) 


By making use of the second lookup table, one word of 
RAM was saved and 16 state times. In most cases this 
time savings would not make much of a difference, but 
when pushing the processor to the limit, microseconds 
can make or break a design. 


3.1.2. PL/M-96 


Intel provides high level language support for most of 
its micro processors and microcontrollers in the form of 
PL/M. Specifically, PL/M refers to a family of lan- 
guages, each similar in syntax, but specialized for the 
device for which it generates code. The PL/M syntax is 
similar to PL/1, and is easy to learn. PLM-96 is the 
version of PL/M used for the 8096. It is very code 
efficient as it was written specifically for the MCS-96 
family. PLM-96 most closely resembles PLM-86, al- 
though it has bit and I/O functions similar to PLM-51. 
One line of PL/M-code can take the place of many 


lines of assembly code. This is advantageous to the pro- 
grammer, since code can usually be written at a set 
number of lines per hour, so the less lines of code that 
need to be written, the faster the task can be completed. 


If the first example of interpolation is considered, the 
PLM-96 code would be written as shown in Listing 3-4. 
Note that version 1.0 of PLM-96 does not support 32- 
bit results of 16 by 16 multiplies, so the ASM-96 proce- 
dure “DMPY” is used. Procedure DMPY, shown in 
Listing 3-5, must be assembled and linked with the 
compiled PLM-96 program using RL-96, the relocator 
and linker. The command line to be used is: 


RL96 PLMEX1.0BJ, DMPY.OBJ, PLM96.LIB & 
to PLMOUT.OBJ ROM (2080H-3FFFH) 
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/* PLM-96 CODE FOR TABLE LOOK-UP AND INTERPOLATION */ 


PLMEX: 


DECLARE 
DECLARE 
DECLARE 
DECLARE 
DECLARE 
DECLARE 
DECLARE 
DECLARE 


DECLARE 


DO; 


IN VAL 


TABLE LOW 


TABLE H 


TABLE DIF 


our 
RESULT 
OUT DIF 
TEMP 


TABLE (1 
O000H, 


WORD 

INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
LONGINT 
WORD 


IGH 


INTEGER 
3400H, 4C 


7) 
2000H, 


PUBLIC; 
PUBLIC; 
PUBLIC; 
PUBLIC; 
PUBLIC; 
“PUBLIC, 
PUBLIC; 
PUBLIC; 


DATA ( 


OOH, /* A candom function */ 


5D00H, 
7BOOH, 
5D00H, 
1000H); 


6A00H, 
7DOOH, 
4B00H, 


7200H, 
7600H, 
3400H, 


DMPY: PROCEDURE 
DECLARE (A,B) 


END DMPY; 


LOOP: 
TEMP=SHR(IN VAL,4); 


TABLE LOW=TABLE (TEMP) ; 
TABLE HIGH=TABLE (TEMP+1); 


78008, 
6DO00H, 
2200H, 


(A,B) LONGINT EXTERNAL; 
INTEGER; 


/* TEMP ie the most significant 4 bits of IN VAL 


/* If *TEMP® was replaced by “SHR(IN VAL,4)" 
/* The code would work but the 8096 would 
/* do two shifts 


TABLE DIF=TABLE HIGH-TABLE LOW; 


OUT DIF=DMPY (TABLE DIF,SIGNED(IN VAL AND OFH)) 


OUT*SAR((TABLE LOW+OUT DIF),4); 


IF CARRY=0 THEN RESULT=OUT; 


ELSE RESULT=OUT#+1; 
GOTO LOOP; 
*/ 


/* END OF PLM-96 CODE 


STITLE (‘MULT .APT: 
SP EQU 


PLMREG 


PUBLIC 


PLMREG+ 4 
PLMREG 


POP 
POP 
MUL 


Listing 3-4. PLM-96 Code For Table Lookup Routine 1 


PLMREG, (SP)+ 3 


(PLMREG+ 4} 5 


/165 


SAR performs an arithmetic right shift, 
in this case 4 places are shifted a/ 


/* 


Using the hardware flags must be done 
with care to ensure the flag is tested 
in the desired instruction sequence 
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16*16 multipiy procedure for PLM-96'") 


18H:word 


t:long 


1 Multiply two integers and return a 
+ longint result in AX, DX registers 


return address 
one operand 
operand and increment 


3 Load 
3 Load 
Load second 


Return to PLM code. 
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Using PLM, code requires less lines, is much faster to 
write, and easier to maintain, but may take slightly 
longer to run. For this example, the assembly code gen- 
erated by the PLM-96 compiler takes 56.75 microsec- 
onds to run instead of 30.75 microseconds. If PLM-96 
performed the 32-bit result multiply instead of using 
the ASM-96 routine the PLM code would take 41.5 
microseconds to run. The actual code listings are 
shown in Appendix A. 


3.2. Using the I/O Section 


3.2.1. USING THE HS! UNIT 


One of the most frequent uses of the HSI is to measure 
the time between events. This can be used for frequency 
determination in lab instruments, or speed/acceleration 
information when connected to pulse type encoders. 
The code in Listing 3-6 can be used to determine the 
high and low times of the signals on two lines. This 
code can be easily expanded to 4 lines and can also be 
modified to work as an interrupt routine. 


Frequently it is also desired to keep track of the num- 
ber of events which have occurred, as well as how often 
they are occurring. By using a software counter this 
feature can be added to the above code. This code de- 
pends on the software responding to the change in line 
state before the line changes again. If this cannot be 
guaranteed then it may be necessary to use 2 HSI lines 
for each incoming line. In this case one HSI line would 
look for falling edges while the other looks for rising 
edges. The code in Listing 3-7 includes both the counter 
feature and the edge detect feature. 


The uses for this type of routine are almost endless. In 
instrumentation it can be used to determine frequency 
on input lines, or perhaps baud rate for a self adjusting 
serial port. Section 4.2 contains an example of making a 
software serial port using the HSI unit. Interfacing to 
some form of mechanically generated position informa- 
tion is a very frequent use of the HSI. The applications 
in this category include motor control, precise position- 
ing (print heads, disk drives, etc.), engine control and 


S$TITLE('PULSE.APT: Measuring pulses using the HSI unit') 


SINCLUDE (DEMO96.INC) 
rseg at 28H 


HIGH TIME: 
LOW TIME: 
PERIOD: 
HI_EDGE: 
LO_ EDGE: 


at 20808 


SP, #1008 
I0c0O, #000000018 


HSI_ MODE, #000011118 


1 EBnable HSI 0 
+ HSI 0 look for either edge 


PERIOD, HIGH TIME, LOW TIME 


IOosl, 6, contin 
Iosl, 7, wait 


contin: AL, HSI_ STATUS 


BX, HSI TIME 


AL, 1, hei_hi 


BX, LO EDGE 


» IT¢ PIPFO is full 


» Wait while no pulse is entered 


+ Load status; Note that reading 
’ HSI TIME clears H§I STATUS 


3 Load the HSI TIME 


+ Jump if H81I.0 is high 


HIGH TIME, LO_EDGE, HI_EDGE 


wait 


BX, HI_BDGE 


LOW TIME, HI_EDGE, LO EDGE 


wait 
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transmission control. The HSI unit is used extensively 
in the example in section 4.3. 


3.2.2. USING THE HSO UNIT 


Although the HSO has many uses, the best example is 
that of a multiple PWM output. This program, shown 
in Listing 3-8, is simple enough to be easily understood, 
yet it shows how to use the HSO for a task which can 
be complex. In order for this program to operate, an- 
other program needs to set up the on and off time vari- 
ables for each line. The program also requires that a 


HSO line not change so quickly that it changes twice 
between consecutive reads of I/O Status Register 0, 
(IOS0). ane 


A very eye catching example can be made by having the 
program output waveforms that vary over time. The 
driver routine in Listing 3-10 can be linked to the above 
program to provide this function. Linking is accom- 
plished using RL96, the relocatable linker for the 8096. 
Information for using RL96 can be found in the 
“MCS-96 Utilities Users Guide’, listed in the bibliogra- 
phy. In order for the program to link, the register dec- 


STITLE (‘ENHSI.APT: ENHANCED HSI PULSE ROUTINE® ) 


SINCLUDE (DEMO96.INC) 
RSEG AT 28H 


TIME: 

LAST RISE: 
LAST FALL: 
HSI 80: 
TOS1 BAK: 
PERIOD: 

LOW TIME: 
HIGH TIME: | 
COUNT: 


i a 


at ' 20808 


SP,08100H 


10C1,$00100101B ; Disable HSO.4,HSO.5, HSI _INT#=first, 
s Enable PWM,TXD,TIMER1] OVRFLOW INT 


HSI_MODE,#100110018 
10C0,#000001118 


10S) _BAK,#@011111118B 
1081 _BAK,I081 


1OS1_ BAK,7,wait 


set hei.l -; hsei.O0 + 

Enable hsi oO,1 

T2 CLOCK=T2CLK, T2RST=T2RST 
Clear timer2 


» Clear IOS1 BAK.?7 

» Store into temp to avoid clearing 
+ other flags which may be needed 

s If hei is not triggered then 

1 jump to wait 


HSI_80,HSI_STATUS,#01010101B 


TIME, HSI TIME 
HSI S0,0,a rise 
HSI S$0,2,a fall 
no_cnt 


a_cise: 


LAST RISE, TIME 
increment 


a_fall: SUB 
LD LAST FALL, TIME 


increment; 
INC COUNT 


no_cnt: BR wait 


END 


LOW TIME, TIME, LAST FALL 
PERIOD, TIME,LAST_ RISE 


HIGH TIME, TIME, LAST RISE 
SUB PERIOD, TIME,LAST FALL 
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store stat: 


1 For opperation with interrupts 
+ entry point of the routine. 


+ Note that a DI oc PUSHF might have 


‘store stat:' 


to be added. 


would be the 


ANDB NEW STAT, IOSO0O, #OFH + Store new status of HSO 
CMPB OLD STAT, NEW STAT 
JE wait 1 If status hasn't changed 
XORB OLD STAT, NEW STAT 
check 0: 
JBC OLD STAT, 0, check 1 1 Jump if OLD STAT(0)=NEW STAT(0) 
JBS NEW STAT, 0, set off 0 
set on 0: 
LDB HSO COMMAND, #001100008B + Set HSO foc timerl, set pin 0 
ADD HSO TIME, TIMERIL, HSO OFF 0 + Time to set pin = Timerl value 
BR check 1 + + Time for pin to be low 
set off 0: 
LDB HSO COMMAND, #000100008B + Set HSO for timerl, clear pin 0 
ADD HSO TIME, TIMER1, HSO ON 0 1 Time to clear pin = Timerl value 
’ + Time for pin to be high 
check 1: 
JBC OLD STAT, 1, check done ; Jump if OLD STAT (1)2NEW STAT(1) 
JBS NEW STAT, 1, set off 1 a ™ 
set on 1: 
LDB HSO COMMAND, #001100018B s Set HSO for timerl, set pin 1 
ADD HSO TIME, TIMER], HSO OFF 1 5 Time to set pin = Timerl value 
BR check done 
set off 1: ; 
LDB HSO COMMAND, @#000100018 + Set HSO for timerl, clear pin 1 
ADD HSO TIME, TIMER1, HSO OW 1 + Time to clear pin = Timerl value 
, + Time for pin to be high 
check done: 
LOB OLD _ STAT, NEW STAT s Store current status and 
s wait for interrupt flag 
BR wait ; 
+ use RET if “°wait* is called from another routine 
END 


Listing 3-8. Generating a PWM with the HSO 
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$STITLE (‘HSOPWM.APT: 8096 EXAMPLE PROGRAM FOR PWM OUTPUTS‘) 
+ This program will provide 3 PWM outputs on HSO pins 0-2 
+; The input parameters passed to the program are: 
} 
’ HSO ON _N HSO on time for pin N 
’ HSO OFF N HSO off time for pin WN 
5 Where: Times are in timer] cycles 
H N takes values from 0 to 3 
REG FPR ADE RSE EES BO UR REE 208 CSET TET RY EE iis 
SINCLUDE (DEMO96.INC) 
RSEG AT 28H 
HSO ON 0: DSW 1 
HSO OFF 0; DSW 1 
HSO ON 1 : DSW 1 
HSO OFF 1 ’ DSW 1 
OLD STAT; dsb 1 
NEW STAT: dsb 1 
cseg AT 2080H 
LD SP,@1008 
LD HSO ON 0, @1008 » Set initial values ! 
LD HSO OFF 0, §400H + Note that times must be long enough 
LD HSO ON 1, #2808 » to allow the routine to cun after each 
LD HSO OFF 1, @2808 + line change. , 
ANDB OLD STAT, 1080, @OFH 
XORB OLD STAT, @O0FH 
wait: JBS 1080, 6, wait 7 Loop until HSO holding register 
NOP + is empty 


laration section (i.e., the section between “RSEG” and 
“CSEG’’) in Listing 3-8 must be changed to that in 
Listing 3-9. ) 


The driver routine simply changes the duty cycle of the 
waveform and sets the second HSO output to a fre- 


Use this file to repl 
the HSO PWM program f 
the line prior to the 
branch in the program 


D STAT: DSB 
extrn HSO ON 0 :word , 
extrn HSO ON 1 :word , 
extrn HSO TIME sword , 
extrn TIMERL sword , 
extrn SP sword 


public OLD STAT 


OLD STAT: dsb 
NEW STAT: | dsb 


PUBLIC wait 


quency twice that of the first one. A slightly different 
driver routine could easily be the basis for a switching 
power supply or a variable frequency/variable voltage — 
motor driver. The listing of the driver routine is shown 
in Listing 3-10. 


ace the declaration sectton of 

rom “S$INCLUDE (DEMO96.INC)" through 
label “wait”. Also change the last 
to a "RET*.. 


1 

HSO OFF 0 :word 
HSO OFF 1 :word 
HSO COMMAND :byte 
1oso sbyte 
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Listing 3-9. Changes to Declarations for HSO Routine 


S$TITLE('HSODRV.APT: Driver module for HSO PWM program’) 


HSODRV . MODULE MAIN, STACKSIZE (8) 


PUBLIC HSO ON 0 , HSO OFF 0O 


PUBLIC HSO_ON_1 
PUBLIC HSO TIME 


» HSO_OFP 1 
, HSO_ COMMAND 


PUBLIC SP , TIMER] , TOSO 


SINCLUDE (DEMO96.INC) 
rseg at 28H 
EXTRN OLD STAT 
HSO_ ON 0: 
HSO OFF 0: 
HSO_ ON 1: 
HSO OFF 1: 
count: 


cseg at 2080H 


sbyte 


EXTRN wait rentry 


strt: DI 
LD SP, #100H 
ANDB OLD STAT, 


XORB OLD STAT, 


initial: 


1080, #OFH 
tOrH 


LD Cx, #0100H 


loop: AX, @1000H 
SUB BX, AX, CX 


LD AX, CX 


ST AX, HSO_ON 0 
st- BX, HSO_OPF 0 
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Bx,@1 
AX, HSO_OW 1 
BX, HSO OFF 1 


wait 


cx 


Cx, #OO0FOOH 


loop 


initial 
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Listing 3-10. Driver Module for HSO PWM Program (Continued) 


Since the 8096 needs to keep track of events which of- 
ten repeat at set intervals it is convenient to be able to 
have Timer 2 act as a programmable modulo counter. 
There are several ways of doing this. The first is to 
program the HSO to reset Timer 2 when Timer 2 
equals a set value. A software timer set to interrupt at 
Timer 2 equals zero could be used to reload the CAM. 
This software method takes up two locations in the 
CAM and does not synchronize Timer 2 to the external 
world. 


To synchronize Timer 2 externally the T2 RST (Timer 
2 ReSeT) pin can be used. In this way Timer 2 will get 
reset on each rising edge of T2 RST. If it is desired to 
have an interrupt generated and time recorded when 
Timer 2 gets reset, the signal for its reset can be taken 
from HSI.0 instead of T2RST. The HSI.0 pin has its 
own interrupt vector which functions independently of 
the HSI unit. 


Another option available is to use the HSI.1 pin to 
clock Timer 2. By using this approach it is possible to 
use the HSI to measure the period of events on the 
input to Timer 2. If both of the HSI pins are used 
instead of the T2RST and T2CLK pins the HSIO unit 
can keep track of speed and position of the rotating 
device with very little software overhead. This type of 
setup is ideal for a system like the one shown in Figure 
3-1, and similar to the one used in section 4.3. 


In this system a sequence of events is required based on 
the position of the gear which represents any piece of 
rotating machinery. Timer 2 holds the count of the 
number of tooth edges passed since the index mark. By 
using HSI.1 as the input to Timer 2, instead of T2 
CLK, it is possible to determine tooth count and time 
information through the HSI. From this information 
instantaneous velocity and acceleration can be calculat- 
ed. Having the tooth edge count in Timer 2 means 


HSI.1 OR T2CLK 
TIMER 2 HOLDS TOOTH COUNT 
HS! MEASURES PULSE PERIOD 


HSI.0 OR T2RST 


RESETS TIMER 2 AND/OR 
CAUSES INTERRUPT 
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Figure 3-1. Using the HSIO to Monitor Rotating Machinery 
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that the HSO unit can be used to initiate the desired 
tasks at the appropriate tooth count. The interrupt rou- 
tine initiated by HSI.0 can be used to perform any soft- 
ware task required every revolution. In this system, the 
overhead which would normally require extensive soft- 
ware has been done with the hardware on the 8096, 
thus making more software time available for control 
programs. 


3.2.3. USING THE SERIAL PORT IN MODE 1 


Mode 1 of the serial port supports the basic asynchro- 
nous 8-bit protocol and is used to interface to most 
CRTs and printers. The example in Listing 3-11 shows 
a simple routine which receives a character and then 


transmits the same character. The code is set up so that 
minor modifications could make it run on an interrupt 
basis. Note that it is necessary to set up some flags as 
initial conditions to get the routine to run properly. If it 
was desired to send 7 bits of data plus parity instead of 
8 bits of data the PEN bit would be set to a one. Inter- 
processor communication, as described in section 2.3.4, 
can be set up by simply adding code to change RB8 and 
the port mode to the listing below. The hardware 
shown in Figure 3-2 can be used to convert the logic 
level output of the 8096 to +12 or 15 volt levels to 
connect to a CRT. This circuit has been found to work 
with most RS-232 devices, although it does not con- 
form to strict RS-232 specifications. If true RS-232 
conformance is required then any standard RS-232 
driver can be used. 


S$TITLE('SP.APT: SERIAL PORT DEMO PROGRAM‘) 


S$ INCLUDE (DEMO96. 
rseg at 28H 
CHR: 
SPTEMP: 
TEMPO: 
TEMP1: 
RCV_ FLAG: 
at 200CH 
DCW ser port int 
at 2060H 
LD SP, #100H 


IOC1, #00100000B 


+ Set P2.0 to TXD 


} Baud rate = input frequency / (64*baud val) 
» baud val = (input frequency/64) / baud rate 


baud val equ 39 
BAUD HIGH equ 
BAUD LOW equ 
BAUD REG, @#BAUD_ LOW 
BAUD REG, #BAUD HIGH 


SPCON, #010010018 


+ The serial port 


STB SBUP, CHR 
LDB TEMPO, #001000008 


LDB INT MASK, #01000000B 
EI 
loop: BR loop 


ser port int: 
PUSHF 
cd again: 
* LDB SPTEMP, SPSTAT 
ORB TEMPO, SPTEMP 
ANDB SPTEMP,#01100000B 
INE rd again 


((baud_val-1)/256) OR 60H 
(baud val-1) MOD 256 


3 39 = (12,000,000/64)/4800 baud 


3 Set MSB to l 


Enable receiver, Mode }l 


is now initialized 


Clear serial Port 


3 Set TI-temp 


Enable Serial Port Interrupt 


; Wait for serial port interrupt 


5 This section of code can be replaced 
i with °ORB TEMPO, SP_STAT" when the 
» serial port TI and RI bugs are fixed 


} Repeat until TI and RI are properly cleared 
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get byte: 
JBC TEMPO, 6, put byte If RI-temp is. not set 
STB SBUPF, CHR Store byte 

ANDB TEMPO, €@101111118 CLR RI-temp 

LDB RCV_PLAG, #OFFH Set bit-received flag 


put byte: 
JBC RCV_FPLAG, 0, continue If receive flag ia cleared 


JBC TEMPO, 5, continue If TI was not set 
SBUF, CHR Send byte 
TEMPO, #€11011111B CLR TI-teap 


CHR, #011111118 This section of code appends 
CHR,@0DH an LP after a CR is sent 


clr_rev 
CHR, @OAR 
continue 


cle _ccv: 
CLRB RCV_PLAG Clear bit-received flag 


continue: 
POPP 
RET 


Listing 3-11. Using the Serial Port in Mode 1 (Continued) 


D2, D3 = 1N914 
R2-R6 = 1800 


T1 
2N2907 XMIT DATA 


(TO RS232 PIN 3) 


RCV DATA 


T2 
2N2222 


C1 
10 ww 


RCV DATA 
(FROM RS232 PIN 2) 


SIGNAL GROUND (RS232 PIN 7) 


Figure 3-2. Serial Port Level Conversion 
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3.2.4. USING THE A TO D 


The code in Listing 3-12 makes use of the software flags 
to implement a non-interrupt driven routine which 
scans A to D channels 0 through 3 and stores them as 
words in RAM. An interrupt driven routine is shown in 
section 4.1. When using the A to D it is important to 
always read the value using the byte read commands, 
and to give the converter 8 state times to start convert- 
ing before reading the status bit. 


Since there is no sample and hold on the A to D con- 
verter it may be desirable to use an RC filter on each 
input. A 1002 resistor in series with a 0.22 uf capacitor 
to ground has been used successfully in the lab. This 
circuit gives a time constant of around 22 microseconds 
which should be long enough to get rid of most noise, 
without overly slowing the A to D response time. 


4.0 ADVANCED SOFTWARE 
EXAMPLES 


Using the 8096 for applications which consist only of 
the brief examples in the previous section does not 


S$TITLE(*ATOD.APT: 
S$ INCLUDE (DEMO96.INC) 
26H 


RSEG at 


BX; BYTE 
DX: BYTE 


BL 
DL 


EQU 
EQU 


RESULT TABLE: 
RESULT 1: 
RESULT 2: 
RESULT 3: 
RESULT 4: 


dsw 
dsw 
dsw 
dsw 


at 2080H 


SP, 
BX 


#100H ae | 


AD _COMMAND,BL, 


SCANNING THE A TO D 


#10008 


really make use of its full capabilities. The following 
examples use some of the code blocks from the previous 
section to show how several I/O features can be used 
together to accomplish a practical task. Three examples 
will be shown. The first is simply a combination of sev- 
eral of the section 3 examples run under an interrupt 
system. Next, a software serial port using the HSIO 
unit is described. The concluding example is one of in- 
terfacing the HSI unit to an optical encoder to control a 
motor. 


4.1. Simultaneous I/O Routines under 
Interrupt Control 


A four channel analog to PWM converter can easily be 
made using the 8096. In the example in Listing 4 ana- 
log channels are read and 3 PWM waveforms are gen- 
erated on the HSO lines and one on the PWM pin. 
Each analog channel is used to set the duty cycle of its 
associated output pin. The interrupt system keeps the 
whole program humming, providing time for a back- 
ground task which is simply a 32 bit software counter. 
To show which routines are executing and in which 


CHANNELS' ) 


Set Stack Pointer 


+ Start conversion on channel 
3 indicated by BL register 


3 Wait for conversion to start 


AD_ RESULT _LO, 


AL, AD_RESULT_LO 
AH, AD_RESULT_HI 
DL, 
DX, 


AX, 


BL ’ 
BL, #038 


next 


3, oheck 


RESULT TABLE[DX) 


» Wait while A to Dis busy 


3 Load low order result 
+ Load high order result 


+ DL=BL*2 


»' Store result indexed by BL*2 


Increment BL modulo 4 
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order, Port 1 output pins are used to indicate the cur- 
rent status of each task. The actual code listing is in- 
cluded in Appendix B. 


The initialization section, shown in Listing 4-la, clears 
a few variables and then loads the first set of on and off 
times to the HSO unit. Note that 8 state times must 


be waited between consecutive loads of the HSO. If this 
is not done it is possible to overwrite the contents of the 
CAM holding register. An A/D interrupt is forced by 
setting the bit in the Interrupt Pending register. This 
causes the first A/D interrupt to occur just after the 
Interrupt Mask register is set and interrupts are en- 
abled. | 


Listing 4-1. Using Multiple |/O Devices 


S$TITLE 
$PAGEWIDTH (130) 

This program will provide 
and one on the PWM. 


('8096 EXAMPLE PROGRAM FOR PWM OUTPUTS FROM A TO D 


INPUTS‘ ) 


3. PWM outputs on HSO pins 0-2 


3 

; 

H 

+; The PWM values are detecmined by the input to the A/D converter. 
’ 

; 


TER ERRER EMA E RG REPEC RRR ERRETURRE EU RER REP EES eee 


SINCLUDE (DEMO96.INC) 
RSEG AT 26H 


DL EQU DX: BYTE 
ON TIME: 

PWM TIME 1; 

HSO ON 07 

HSO_ ON 1: 

HSO OWN 2: 


RESULT TABLE: 
~ RESULT 0: 
RESULT 1: 
RESULT 2: 
RESULT 3: 


NXT_ON T: 
NXT OFF 0: 
NXT OPP 1: 
NXT OFF 23 
COUNT: 

AD NUM: 
TMP: 

HSO PER: 
LAST LOAD: 


AT 2000H 


start ’ 
Atod done int 
start ™ F 
HSO exec int 


DpCWw 
DCW 
DCW 
DCW 


AT 2080H 
LD #100H 
CLR 
DEC 


PWM TIME 1, 
HSO PER, #100H 
HSO ON 0, #040H 
HSO ON 1, #080H 
HSO ON 2, #0COH 


NXT ON T, 


— bh oe 


ee ee 


1 Channel being converted 


Timer ovf int 


HSI data int 


6080H 


Timercl, 


Set Stack Pointer 


wait approx. 0.2 seconds for 
SBE to finish communications 


#100H 
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HSO COMMAND, @#00110110B8 Set HSO for timerl, set pin 0,1 
HSO TIME, NXT_OWN T with interrupt 


HSO COMMAND, @#00100010B s Set HSO for timerl, set pin 2 
HSO TIME, NXT _ON T s without interrupt 


LAST LOAD, #000001118 Last loaded value was set all pins 
INT MASK, #000010108 Enable HSO and A/D interrupts 
INT PENDING, #00001010B8 Fake an A/D and HSO interrupt 


Portl, #000000018 set P1.0 
COUNT, #01 

COUNT+2,zer0 

Portl, #111111108 Cleac P1.0 
loop 
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PEF F ERP T PEP T TTT ETFS E TTT HPT HET E ERE ETT 
HSO EXECUTED INTERRU PT 


PUFF FFP PTF PF PT EEE R ETFS ET EHF ERE ET ETE 


HSO_ exec ints; 
PUSHF 
ORB Portl, #00000010B » Set pl.l 


SUB TMP,TIMER]L, NXT ON T 
CMP TMP,ZERO 
JLT set off times 


set on times: 
NXT ON T, HSO PER 
HSO COMMAND, #00110110B s Set HSO for timerl, set pin 0,1 


HSO TIME, NXT OW T 


HSO COMMAND, #00100010B ; Set HSO for timerl, set pin 2 
HSO TIME, NXT _ON T 


LAST _ LOAD, 4000001118 3 Last loaded value was all ones 


PWM CONTROL, PWM TIME 1 3 Now is as good a time as any 
+ to update the PWM reg 


check done 


set off times: 
JBC LAST LOAD, 0, check done 


ADD NXT OFF 0, NXT_ON T, HSO_ON 0 
LDB HSO COMMAND, #00010000B + Set HSO for timerl, clear pin 0 
HSO TIME, NXT _OFF 0 


NXT _OFF_1, NXT_ON_T, HSO_OW 1 
HSO COMMAND, #000100018 + Set HSO for timerl, clear pin 1 
HSO TIME, NXT OFF 1 | 


NXT OFF 2, NXT_ON T, HSO ON 2 
HSO COMMAND, #€00010010B 3 Set HSO for timerl, clear pin 2 
HSO TIME, NXT _OFF 2 


LAST LOAD, #11111000B ; Last loaded value was all Os 


check done: 
ANDB Portl, #€12111101B8 3 Cleac Pl.1 


POPF 
RET 
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FSFE TPP ETT PF PPE PPT PPPS EET EPP TTF TIFF HEP PETE T ETE ss segs 
eecietkekteonee ea: A T0 D COMPLETE INTERRUPT 13 
mM RREREEEELERERELAAC CERBCRARRERU PERE EBE TESS SERRE CR SE RES ES Pee 


ATOD done int: 
PUSHP 
ORB Portl, #00000100B 
ANDB 
LDB 
ADDB 


AL, nt 3 
AH, AD_RESULT HI 

DL, AD_NUM, AD_NUM 
DX, DL 

AX, RESULT TABLE(DX) 
AL, #01000000B 
no_rnd 

AH,@OPFH ' 


no _ rnd: 3 


AX, ON _TIME[DX} 


AD_NUM 
AD_NUM, #03H 


AD_COMMAND, AD_NUM, #1000B ’ 


Portl, #111110118 


AD RESULT LO,#11000000B ’ 


3 Clear 


> Set P1.2 


Load low order result 
; Load high order result 
+ DL= AD_NUM *2 


+ Store cesult indexed by DX 
3 Round up if needed 


Don't increment if AH=OFFH 


Align byte and change to word 


1 Keep AD_ NUM between 0 and 3 


Start conversion on channel 
» indicated by AD_NUM register 
Pl.2 
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The HSO routine shown in Listing 4-1b is slightly dif- 
ferent than the one in section 3. All of the HSO lines 
turn on at the same time, only the turn-off-time is var- 
ied between lines. This action is what is most common- 
ly required for multiple PWM outputs and simplifies 
the software. A comparison is made between Timer] 
and the next HSO turn on time at the beginning of the 
routine. If the next turn on time has passed, then the 
on-times are loaded into the CAM, otherwise the off 
times are loaded. 


The maximum number of events in the CAM at any 
given time is 7. This occurs when the first line to turn 
off does so, causing the off-times for all of the lines to 
be loaded. For two of the lines there will be an offtime, 
an on-time, and the just loaded off-time. The other line 
(the one that just turned off) will have only the on-time 
and the just loaded off-time. 


A/D conversions are performed by the code in Listing 
4-1c about every 60 microseconds, 42 for the conver- 
sion, the rest for overhead. The A/D routine sets up the 
HSO and PWM on and off times. Since the A/D 


has a ten bit output, the most significant 8 bits are 
rounded up or down based on the least significant two 
bits. 


4.2. Software Serial Port Using the 
_HSIO Unit 


There are many systems which require more than one 
serial port, an example is a system which must commu- 
nicate with other computers and have an additional 
port for a local console. If the on-board UART is being 
used as an inter-processor link, the HSIO unit can be 
used to interface the 8096 to an additional asynchro- 
nous line. 


Figure 4-1 shows the format of a standard 10-bit asyn- 
chronous frame. The start bit is used to synchronize the 
receiver to the transmitter; at the leading edge of the 
START bit the receiver must set up its timing logic to 
sample the incoming line in the center of each bit. Fol- 
lowing the start bit are the eight data bits which are 
transmitted least significant bit first. The STOP bit is 
set to the opposite state of the START bit to guar- 
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sror \ stant /"p0 X01 X be X08 XOX 05 X 06 X 077 STOP 


fete nnn 10-BIT FRAME —__——+| 
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Figure 4-1. 10-bit Asynchronous Frame 


antee that the leading edge of the START bit will cause 3; 
a transition on the line; it also provides for a dead time 

on the line so that the receiver can maintain its syn- 
chronization. 


The remainder of this section will show how a full-du- 
plex asynchronous port can be built from the HSIO 
unit. There are four sections to this code: 


1. Interface routines. These routines provide a proce- 
dural interface between the interrupt driven core of 
the software serial port and the remainder of the ap- 
plication software. 


2. Initialization routine. This routine is called during 
the initialization of the overall system and sets up the 
various variables used by the software port. 


Transmit ISR. This routine runs as an ISR (interrupt 
service routine) in response to an HSO interrupt in- 
terrupt. Its function is to serialize the data passed to 
it by the interface routines. 


. Receive ISRs. There are two ISRs involved in the 


receive process. One of them runs in response to an 
HSI interrupt and is used to synchronize the receive 
process at the leading edge of the start bit. The sec- 
ond receive ISR runs in response to an HSO generat- 
ed software timer interrupt, this routine is scheduled 
to run at the center of each bit and is used to deseri- 
alize the incoming data. 


The routines share the set of variables that are shown in 
Listing 4-2. These variables should be accessed only by 


the routines which make up the software serial port. 


VARIABLES NEEDED BY THE SOFTWARE SERIAL PORT 


rseg 


reve state: 
cxrdy indicates 
rxoverrun indicates 


receive done 
receive overflow 


'£ip receive in progress flag 

reve buf: used to double buffer receive data 
reve ceg: used to deserialize receive 

sample time: records last receive sample time 


serial out: Holds the 


output character+framing (start and 


stop bits) for transmit process. 


baud count: Holds the 


period of one bit in units 


of Tl ticks. 
txd time: Transition time of last Txd bit that was 


gent to 


the CAM 


char: 1 for test only 


COMMANDS ISSUED TO THE HSO UNIT 


mack command equ 0110101b > timerl,set,interrupt on 5 
space command equ 0010101b ; timerl,clr,interrupt on 5 
sample command equ 0011000b » goftware timer 0 


Seject 
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The table also shows the declarations for the com- 
mands issued to the HSO unit. In this example HSI.2 is 
used for receive data and HSO.5 is used for transmit 
data, although other HSI and HSO lines could have 
been used. 


The interface routines are shown in Listing 4-3. Data is 
passed to the port by pushing the eight-bit character 
into the stack and calling char__out, which waits for 
any in-process transmission to complete and stores the 
character into the variable serial__out. As the data is 


H 

char out: 

» Output character 

H 
pop cx 
pop bx 
ldb (bx+1),4@01h 
add bx, bx 

wait for xmit: 


stored the START and STOP bits are added to the data 
bits. The routine char—in is called when the applica- 
tion software requires a character from the port. The 
data is returned in the ax register in conformance to 
PLM 96 calling conventions. The routine csts can be 
called to determine if a character is available at the port 
before calling char__in. (If no character is available 
char__in will wait indefinitely). . 


The initialization routine is shown in Listing 4-4. This 
routine is called with the required baud rate in the 


to the software serial port 


the return address 
the character 
add the start and stop bits 

to the char 


for output 


and leave as 16 bit 


serial out,0 
wait for xmit 
bx,serial out 
[cx] 


Returns "true" (ax<>0) 
clr ax 
bbe 
inc ax 
csts_ exit: 
ret 
3 
char _in: 


wait for serial out#0 (it will be cleared by 
the hso interrupt process) 

put the formatted character in serial out 

return to caller 


if char in has a character. 


reve state,0,csts exit 


> Get a character from the software serial port 


bbc 
pushf 
andb 
ldbze 
popf 
ret 


al,rcve buf 


wait for character ready 


rcve state,0,char in 


set up a critical region 


reve state,#not(rxrdy) 


leave the critical region 
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H 
setup serial port: 


+; Called on system reset to intiate the software serial port. 


; 
pop cx 
pop bx 
ld dx ,#0007h 
ld ax,#0Al20h 
divu ax,bx 
st ax,baud count 
at 0,serial out 
ldb focl,#01100000b 
bbs ios0,6,$ 


adda 
ldb 


clrb 
clrb 


reve buf 
rove reg 
eclrb reve state 
call init receive 
br {cx] 


txd time,timerl,20 
hso command, #mark command 
1d heo time,txd time 


the return address 

the baud rate (in decimal) 
Q@x:ax:2500,000 (assumes 12 Mhz crystal) 
calculate the baud count (500,000/baudrate) 
Clear serial out 

Enable HSO.5 and Txd 


Wait for room in the HSO CAM 
and issue a MARK command. 


clear out the receive variables 


setup to detect a start bit 
return 
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ey ex ae 


stack; it calculates the bit time from the baud rate and 
stores it in the variable baud__count in units of 
TIMER! ticks. An HSO command is issued which will 
initiate the transmit process and then the remainder of 
the variables owned by the port are initialized. The rou- 
tine init__receive is called to setup the HSI unit to look 
for the leading edge of the START bit. 


The transmit process is shown in Listing 4-5. The HSO 
unit is used to generate an output command to the 
transmit pin once per bit time. If the serial__out regis- 
ter is zero a MARK (idle condition) is output. If the 
serial__out register contains data then the least sig- 


; 
hso isr: 


nificant bit is output and the register shifted right one 
place. The framing information (START and STOP 
bits) are appended to the actual data by the interface 
routines. Note that this routine will be executed once 
per bit time whether or not data is being transmitted. It 
would be possible to use this routine for additional low 
resolution timing functions with minimal overhead. 


The receive process consists of an initialization routine 
and two interrupt service routines, Asi_isr and 
software__timer__isr. The listings of these routines are 
shown in Listings 4-6a,4-6b, and 4-6c respectively. The 


+ Fields the hso interrupts and performs the serialization of the data. 
3 Note: this routine would be incorporated into the hso service strategy for an 


3 actual system. 


cseg at 2006h 


dcw hso ise 1 Set up vector 


txd time,baud count 
serial out,0 5 if character is done send a mark 
send mack 
serial out,#@1 » else send bit 0 of serial out and shift 


send mark ; 
send space: 


serial _out left one place. 


ldb hso command,@¢space command 


ld hso_time,txd time 
be hso isr_exit 
send mark: 


ldb hso _command,@marck_ command 


ld hso_ time,txd_ time 


hso isr_ exit: 
popf 
ret 
Seject 
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Listing 4-6. Receive Process 


nit receive: 


Called to prepare the serial input process to find the leading edge of 


a stact bits. 


ldb ioc0,#00000000b 


ldb hsi_mode,#00100000b 


flush fifo: 
orb iosl _save,iosl 


disconnect change detector 
+ negative edges on HSI.2 


bbc iosl save,7, flush fifo done 


ldb. al,hsi _status 
ld asin biel “time 


andb iosl save,#not (80h) 


br flush fifo 
flush fifo done: 
~ ab io0c0,#00010000b 
ret 


s trash the fifo entry 
: Clear bit 7. 


+ connect HSI.2 to detector 
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hei isr: . 
; Fields interrupts from the HSI unit, used to detect the leading edge 


3 of the START bit 

+ Note: this routine would be incorporated into the HSI strategy of an actual 
3 

H 


system. 


cseg at 2004h 
dcw hsi_isr setup the interrupt vector 


ax 

al,hsi status 

‘sample time,hei time 

al,4,exit hei 

ios0,7,$ » wait for room in #SO holding reg 

ax,baud count + send out sample command in 1/2 

ax,@#1 1 bit time 

sample time, ax 

hso command,¢(sample command 

sample time,hso time 

ioc0,#00000000b » G@isconnect haei.2 from change detector 
exit hsi 

ax 
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; 
software timer isr: 

; Fields the software timer interrupt, used to deserialize the incomming data. 
’ 

3 

; 


Note: this routine would be incorporated into the software timer stategy 
in an actual system. 


cseg at 200ah 


dcw 


cseg 
pushf 
orb 
andb 
andb 
bne 


software timer ister + setup vector 


iosl save,iosil 

iosl save,@not(O0lh) » Cleac bit 0 

0,rcve state,#0fch 9 All bits except exrdy and overrun=0 
process data 


process start bit: 


start ok: 
orb 
br 


process data: 
“bbs 
shrb 
bbe 
orb 
datazero: 
addb 
br 


check stopbit: 
~ bbe 
ldb 
orb 
andb _ 
call 
br 


schedule sample: 


bbs 
ldb 
add 
st 


hei status,5,start ok 
init receive 
software timer exit 


reve state,¢rip + set receive in progress flag 
schedule sample 


reve state,7,check stopbit 

reve reg,#1 

hsi_ status,5,datazero 

reve reg,#80h + wet the new data bit 


reve state,@#10h ; increment bit count 
schedule sample 


hei _status,5,$ > DEBUG ONLY 
cove buf,rcve reg 
reve state,@rcrxrdy 


reve state,#03h + Clear all but ready and overrun bits 


init receive 
software timer exit 


ios0,7,$ +; wait for holding reg empty 
hso command,@#sample command 

sample time,baud count 

sample time,hso time 


software timer exit: 


popf 
ret 
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start is detected by the hsi__isr which schedules a soft- 
ware timer interrupt in one-half of a bit time. This first 
sample is used to verify that the START bit has not 
ended prematurely (a protection against a noisy line). 
The software timer service routine uses the variable 
rcve__state to determine whether it should check for a 
valid START bit, deserialize data, or check for a valid 
STOP bit. When a complete character has been re- 
ceived it is moved to the receive buffer and init__receive 
is called to set up the receive process for the next char- 
acter. This routine is also called when an error (e.g., 
invalid START bit) is detected. 


Appendix C contains the complete listing of the rou- 
tines and the simple loop which was used to initialize 
them and verify their operation. The test was run for 
several hours at 9600 baud with no apparent malfunc- 
tion of the port. 


4.3. Interfacing an Optical Encoder to 
the HSI Unit 


Optical encoders are among one of the more popular 
devices used to determine position of rotating equip- 
ment. These devices output two pulse trains with edges 
that occur from 2 to 4000 times a revolution. 


OPTICAL 
CHOPPER 
ENCODER 


\ 


a 


Frequently there is a third line which generates one 
pulse per revolution for indexing purposes. Figure 4-2 
shows a six line encoder and typical waveforms. As can 
be seen, the two waveforms provide the ability to deter- 
mine both position and direction. Since a microcontrol- 
ler can perform real time calculations it is possible to 
determine velocity and acceleration from the position 
and time information. 


Interfacing to the encoder can be an interesting prob- 
lem, as it requires connecting mechanically generated 
electrical signals to the HSI unit. The problems arise 
because it is difficult to obtain the exact nature of the 
signals under all conditions. 


The equipment used in the lab was a Pittman 9400 se- 
ries gearmotor with a 600 line optical encoder from 
Vernitech. The encoder has to be carefully attached to 
the shaft to minimize any runout or endplay. Fortu- 
nately, Pitmann has started marketing their motors 
with ball bearings and optical encoders already in- 
stalled. It is recommended that the encoder be mounted 
to the motor using the exact specifications of the encod- 
er manufacturer and/or a good machine shop. 


CLOCKWISE 
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COUNTERCLOCKWISE 


PHASE A ie Ly i a 


Inside track generates Phase A. Outside track generates Phase B. 


Figure 4-2. Optical Encoder and Waveforms 
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Digital filtering external to the 8096 is used on the en- 
coder signals. The idealized signals coming from the 
encoder and after the digital filter are shown in Figure 
4-3. The circuitry connecting the encoder to the 8096 
requires only two chips. A one-shot constructed of 
XOR gates generates pulses on each edge of each sig- 
nal. The pulses generated by Phase A are used to clock 
the signal from Phase B and vice versa. The hardware is 
shown in Figure 4-4. CMOS parts are used to reduce 
loading on the encoder so that buffers are not needed. 
Note that T2CLK is clocked on both edges of both 
filtered phases. | 


By using this method repetitive edges on a single phase 
without an edge on the other phase will not be passed 
on to the 8096. Repetitive edges on a phase can occur 
when the motor is stopped and vibrates or when it is 
changing direction. The digital filtering technique caus- 
es a little more delay in the signal at slow speeds than 
an analog filter would, but the simplicity trade off is 
worthwhile. The net effect of digital filtering is losing 
the ability to determine the first edge after a direction 
change. This does not affect the count since the first 
edge in both directions is lost. 


FORWARD 


PHASE A 


PHASE B 


If it is desired to determine when each edge occurs be- 
fore filtering, the encoder outputs can be attached di- 
rectly to the 8096. As these would be input signals, Port 
0 is the most likely choice for connection. It would not 
be required to connect these lines to the HSI unit, as 
the information on them would only be needed when 
the motor is going very slowly. 


The motor is driven using the PWM output pin for 
power control and a port pin for direction control. The 
8096 drives a 7438 which drives 2 opto-isolators. These 
in turn drive two VFETs. A MOV (Metal Oxide Varis- 
tor, a type of transient absorber) is used to protect the 
VFETs, and a capacitor filters the PWM to get the best 
motor performance. Figure 4-5 shows the driver cir- 
cuitry. To avoid noise getting into the 8096 system, the 
+15 volt power supply is isolated from the 8096 logic 


power supply. 


This is the extent of the external circuitry required for 
this example. All of the counting and direction detec- 
tion are done by the 8096. There are two sections to the 
example: driving the motor and interfacing to the en- 
coder. The motor driver uses proportional control with 


REVERSE 


| 


| 
PHASE B’ 
PHASE A’ : 
XOR PHASE B | 
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NOTES: 
Phase A’ is Phase A clocked by Phase B 
Phase B’ is Phase B clocked by Phase A 


Figure 4-3. Filtered Encoder Waveforms 
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some modifications and a braking algorithm. Since the 
main point of this example is I/O interfacing, the mo- 
tor driver will be briefly described at the end of this 
section. 


(DIRECTION) 


* 1/4 7438 
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In order to interface to the encoder it is necessary to 
know the types of waveforms that can be expected. The 
motor was accelerated and decelerated many times us- 
ing different maximum voltages. It was found that the 


PHASE B’ 
HSI 0,1 


HSI 2,3 
PHASE A’ 
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N = IR533 
HEXFET 
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Figure 4-5. Motor Driver Circuitry 
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motor would decelerate smoothly until the time be- 
tween encoder edges was around 100 microseconds. At 
this point the motor would either continue to decelerate 
slowly, or would suddenly stop and reverse. The latter 
case is the one that was most problematic. 


After a brief overview, each section of the program will 
be described separately, with the complete listing in- 
cluded in the Appendix D. In order to make debugging 
easier, as well as to provide insight into how the pro- 
gram is working, I/O port 1 is used to indicate the 
program status. This information consists of which rou- 
tine the program is in and under which mode it is oper- 
ating. The main program sections are: Main loop, HSI 
interrupt, Timer 2 check, and Motor drive. There are 
also minor sections such as initialization, timer over- 
flow handling, and software timer handling. Tying ev- 
erything together is some overhead and glue. Where the 
glue is not obvious it will be discussed, otherwise it can 
be derived from the listings. 


The program is a main loop which does nothing except 
serve as a place for the program to go when none of the 
interrupt routines are being run. All of the processing is 
done on an interrupt basis. 


There are three basic software modes which are in- 
voked depending on the speed of the motor. The modes 
referred to as 0, 1 and 2, in order from slowest to fastest 
operation. When the program is running the operating 


mode is indicated by the lower 2 bits of Port 1, with the 
following coding: 


Pto[ert[Mede] Deserption 


HSI looks at every edge 
HSI looks at Phase A edges only 
Timer 2 used instead of HSI 
(alternate form of above) 


The example is easiest to see if mode 2 is described first, 
followed by mode 1 then mode 0. In mode 2 Timer 2 is 
used to count edges on the incoming signal. A software 
timer routine, which is actually run using HSO.0, uses 
the Timer 2 value to update a LONG (32-bit) software 
counter labeled POSITION. The HSO routine runs ev- 
ery 260 microseconds. The HSO.0 interrupt is used in- 
stead of an actual software timer because of the ability 
to easily unmask it while other software timer routines 
are running. 


In the code in Listing 4-7, the mode is first determined. 
For the first pass ignore the code starting with the label 
in__mode__1. Starting with in__mode__2 the counter is 
incremented or decremented based on bit zero of DI- 
RECT. If DIRECT.O = 0 the motor is going back- 
ward, if it is a 1 the motor is going forward. Next the 
count difference is checked to see if it is slow enough to 
go into mode 1. If not the routine returns to the code it 
was running when the interrupt occurred. 


FUT TFET FPP TPE T TT ETE TEEPE ETE TH ET TEE EEE TET TFET ETT EE ET Tess 
SOFTWARE TIMER ROUTINE 0O 


NOW 


USING HSO.0 TO TRIGGER 


PUFF TT IF PEEP T TEETH TTT T TTT eee eee eee eae eet 


CSEG AT 2280H 


hso_exec int: 


PUSHF 
ldb 
add 


HSO COMMAND, #308 


orb portl,#00100000B 
id Timer 2,TIMER2 
jbs Portl,l,in_ mode2 


in model: 
tmpl,Timer 2,014 t2 
tmpl,#2 
end swt0 
set. _moded: 
jbc 
andb 


Portl,0,end swt0 
Portl,#11111100B 
ldb 10C0,#010101018 
 ildb last stat,zero 

br end swt0 


+ Check mode - 


HSO TIME,TIMER1,HSOO dly 


Update position in mode 2 


Check count difference in tapl 


if already in mode 0 
Clear P1.0, Pl.1 (set mode 0) 
enable all HSI 
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in mode2: 
sub 
1d 


delta p,timer 2,tmr2 014 
tmr2_ old,timer 2 

jbe direct,0,in_ rcev 
add 


addc 
br 


in_fwd: 


position,delta p 
position+2,zero 
chk mode 


sub 
subc 


in rev: position,delta p 


position+2,zero 


chk. mode; 
sub 
cap 
jgt 


tmpl,Timer 2,o01d t2 
tmpl,4#5 
end swt0 


set model: 
ad andb 
orb 
ldb 

1d 
sub 


Portl,#111111018 
Portl,#000000018 
10C00,#000001018 
zero, HSI TIME 


+ set up 60 
clr_hei: , 


ZERO, HSI TIME 

iosl bak,#011111118 
fosl bak,iosl 

fosl hak,7,cle_ hsi 


old t2,TIMER 2 
portl,#110111118 


9 Clear Pl.1, 


+ get timer2 count difference 


Check count difference in tmpl 
set model if count is too low 
count <= § 


set P1.0 (set mode 1) 


3; enable HSI O and iil 


lastl time,Timercl,min_hsil 
(time-last2 time)>min_hsil on next HSI 


: clear bit -? 


If bsi is triggered then clear hsi 


3 cleac P1.5 
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Listing 4-7. Motor Control HSO.0 Timer Routine (Continued) 


If the pulse rate is slow enough to go to mode 1, the 
transition is made by enabling HSI.0 and HSI.1. Both 
of these lines are connected to the same encoder line, 
with HSI.0 looking for rising edges and HSI.1 looking 
for falling edges. The HS/J__TIME register is read to 
speed up clearing the HSI FIFO and the LASTI]__ 
TIME value is set up so the mode 1 routine does not 
immediately put the program into another mode. The 
HSI FIFO is then cleared, the Timer 2 value used 
throughout this routine is saved, and the routine re- 
turns. 


This routine still runs in modes 0 and 1, but in an 
abbreviated form. The section of code starting’ with the 
label in__model checks to see if the pulses are coming 
in so slowly that both HSI lines can be checked. If this 
is the case then all of the HSIs are enabled and the 
program returns. This routine is the secondary method 
for going from mode 1 to mode 0, the primary method 
is by checking the time between edges during the HSI 
routine, which will be described later. 


The HSO routine will enable mode 0 from mode 1 if 
two edges are not received every 260 microseconds. The 
primary method, (under the HSI routine), can only 


enable mode 0 after an edge is received. This could 
cause a problem if the last 2 edges on Phase A before 
the encoder stops were too close to enable mode 0. If 
this happened, mode 0 would not be enabled until after 
the encoder started again, resulting in missed edges on 
Phase B. Using the HSO routine to switch from mode 1 
to mode 0 eliminates this problem. 


Figure 4-6 shows a state diagram of how the mode 
switching is done. As can be seen, there are two sources 
for most of the mode decisions. This helps avoid prob- 
lems such as the one mentioned above. 


When either Mode 1 or Mode 0 is enabled the HSI 
interrupt routine performs the counting of edges, while 
the HSO routine only ensures that the correct mode is 
running. The routines for modes 0 and 1 share the same 
initialization and completion sections, with the main 
body of code being different. 


The initialization routine is similar to many HSI rou- 
tines. The flags are checked to ensure that the HSI 
FIFO data is valid, and then the FIFO is read. Next, 
the main body of code (for either mode 0 or mode 1) is 
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NOTES: 

Mode 0: HSI Examines edges on Phase A and B 
Mode 1: HSI Examines edges on Phase A only 
Mode 2: TIMER 2 stores edgecount 


Figure 4-6. Mode State Diagram 
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HSI DATA AVAILABLE INTERRUPT ROUTINE ; 
3 
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his routine keeps track of the current time and position of the motor. 
he upper word of information is provided by the timer overflow routine. 


CSEG AT 2400H 
now mode 1: br in_ mode 1 used to save execution time for 


no _ intl: br no int worst case loop 


hei data int: pushf 
orb portl,#010000008 » set P1.6 
andb fosl bak,#@O1l1111118 Clear iosl_ bak.7 
orb fosl bak,iosl 
jbe fosl bak,7,no intl If hei is not triggered then 
jump to.no int 
get values: % 
timer 2,TIMER2 
hei s0,HSI_ STATUS,#01010101B 
time, HSI TIME 


portl,0,now mode 1 + jump if in mode 1 


INSERT BODY OF ROUTINE 


load lasts: 
1d tmc2 old,timer 2 
no_cnt: a fosl bak,#@011111118 ele bie: 9 
fosl bak,iosl 
iosl bak,7,no int 
get values 


no_ ints: portl,#101111118 + Clear P1l.6 


» end of hsi data interrupt routine 
+ Routine for mode 1 follows and then returns to “load lasts" 


S$EJECT 
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run. At the end time and count values are saved and the 
holding register is checked for another event. Listing 4- 
8 contains the initialization and completion sections of 
the HSI routine. 


Listing 4-9 is the main body of the Mode 1 routine. 
Before any calculations are done in Mode 1, the incom- 
ing pulse period is measured to see if it is too fast or too 
slow for mode 1. The time period between two edges is 
used so that the duty cycle of the waveform will not 
affect mode switching. If it is determined that Mode 2 
should be set, Port 1.1 is set; all of the HSI lines are 
disabled, and the HSI fifo is cleared. If Mode 0 is to be 
set all of the HSI lines are enabled and the variable 
LAST__STAT is cleared. LAST_STAT = 0 is used as 
a flag to indicate the first HSI interrupt in Mode 0 after 
Mode 1. After the mode checking and setting are com- 
plete the incremental value in Timer 2 is used to update 


In_mode 1; 


andb 
jne 
cmp _time: 


ld 
ld 


sub 
cmp 


jh 


pet mode 2: 
orb 
ldb 

at het: 1d 

7 andb 
orb 
ibs 
br 


check max time: 


sub 
cmap 


jnh 


set mode 0: 
andb 
ldb 
ldb 


done chk: 
sub 
jbe 
add fwd: 
add 
addc 
br 
add rev; 
, sub 
subc 
br 


3; mode 1 HSI rou 


tmpl,hsi 8s0,#010100008 
no _cnt 


last2 time,lastl time 
lastl _time,time 


tmpl,time,last2 time 
tmpl,min_ hsil 
check max time 


Portl,#00000010B 
10C0,%#00000000B 
zero,hsi time 

iosl bak,#01111111B 
iosl bak,iosl 

iosl bak,7,mt_ hei 
done_ chk 


tmpl,time,last2 time 
tmpl,max hsil 


done _ chk 


Portl,#11111100B 
10C0,#010101018B 
last stat,zero 


delta _p,timer 2,tmr2_ 014 
direct,0,add rev 


position,delta p 
position+2,zero 
load lasts 


position,delta p 
position+2,zero 
load lasts 


POSITION. The program then returns to the comple- 
tion section of the routine. 


There is a lot more code used in Mode 0 than in Mode 
1, most of which is due to the multiple jump statements 
that determine the current and previous state of the 
HSI pins. In order to save execution time several blocks 
of code are repeated as can be seen in Listing 4-10. The 
first determination is that of which edge had occurred. 
If a Phase A edge was detected the LAST]__TIME and 
LAST2__TIME variables are updated so a reference to 
the pulse frequency will be available. These are the 
same variables used under Mode 1. A test is also made 
to see if the edges are coming fast enough to warrant 
being in Mode 1, if they are, the switch is made. If the 
last edge detected was on Phase B, the information is 
used only to determine direction. 


tine 


Procedure which sets mode 1 also 
sets times to pass the tests 


Set Pl.1 (in mode 2) 
Disable all HSI 
empty the hsi fifo 

3 Clear bit 7 


If hsi is triggered then clear hsi 


max hsi = addition to min _hsi for 
total time 


Clear 7 1...0.1 set mode 0) 
Enable all HSI 


+ get timer2 count difference 
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;set model-. 
orb 
ldb 

tst state: 
jbs 
jbs 


jbs 


cmpb 
je 
br 


a fall: 1d 


;set model- 
orb 
ldb 

tst _stateé: 


b fall: 


ficst time: 
stb 
br 
inp_erer: 
br 


change dir: 
y notb 
no_inec: jbe 


going fwd: 
orb 
1db 
add 
addc 
br 

going rev: 
andb 
l1db 
sub 
subc 


st stat: 
stb 


hsi s0,0,a rise 
hsi s0,2,a fall 
hsi 80,4,b rise 
hei 8s0,6,b _fall 
no_ cnt 


last2 time,lastl time 
lastl time,time 
time,last2 time 
time,min het 

teat statr 


Portl,#000000018B 
10C0,8000001018B8 


last stat,6,going fwd 
last otat.A olne: rev 
last stat, 2, change_ dir 
last stat,zero 

first time 

inp_err 


last2 time,lastl time 
lastl “Clana, EAs 
time,last2 time 
time,min hai 

test statf 


Portl,#000000018 
10C0,#000001018 


last stat,4,going fwd 


‘last stat,6,going cev 


last stat,0,change dir 
last stat,zero 

first time 

inp_erer 


last stat,0,going fwd 
last stat,2,going rev 
last stat,6,change dir 
last stat,zero 

first time 

inp_erer 


last stat,2,going fwd 


last _stat, 0,going rev 
last “stat,4,change_ dir 
last stat,zero 

first time 

inp_ere 


hsi sO,last stat 


done “chk ; add de 


no _ int 


direct 
direct,0,going rev 


PORT2,4#01000000B 
direct,#01 
position,#01 
position+2,zero 
st stat 


PORT2,#101111118 
@icect,#00 
position,#01 
position+2,zero 


hsi s0,last stat 


Set P1.0 (in mode 1) 
Enable HSI O and 1. 


first time in modeod- 


f 


Set P1l.0 (in mode 1) 


Enable HSI 0 and ll 


first time in moded 


fireat time in modeod 


first time 


ta position 


set P2.6 
@irection = forward 


cleac P2.6 
direction = reverse 


Listing 4-10. Motor Control Mode 0 Routines 
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After mode correctness is confirmed and the LASTx__ 
TIME values are updated the LAST__STAT (Last 
Status) variable is used to determine the current direc- 
tion of travel. The POSITION value is then updated in 
the direction specified by the last two edges and the 
status is stored. Note that the first time in Mode 0 after 
being in Mode 1, the Mode 1 done__chk routine is used 
to update POSITION, instead of the routines going__ 
fwd and going__rev from the Mode 0 section of code. 
The completion section of code is then executed. 


Providing the PWM value to drive the motor is done by 
a routine running under Software Timer 1. The first 
section of code, shown in Listing 4-11a, has to do with 
calculating the position and timer errors. Listing 4-11b 
shows the next section of code where the power to be 
supplied to the motor is calculated. First the direction 
is checked and if the direction is reverse the absolute 
value of the error is taken. If the error is greater than 
64K counts, the PWM routine is loaded with the maxi- 
mum value. The next check is made to see if the motor 


is close enough to the desired location that the power to 
it should be reversed, (i.e., enter the Braking mode). If 
the motor is very close to the position or has slowed to 
the point that is likely to turn around, the Hold__Posi- 
tion mode is entered. 


The determination of which modes are selected under 


what conditions was done empirically. All of the pa- 
rameters used to determine the mode are kept in RAM 
so they can be easily changed on the fly instead of by 
re-assembling the program. The parameters in the list- 
ing have been selected to make the motor run, but have 
not been optimized for speed or stability. A diagram of 
the modes is shown in Figure 4-7. 


In the Hold__Position mode power is eased onto the 
motor to lock it into position. Since the motor could be 
stopped in this mode, some integral control is needed, 
as proportional control alone does not work well when 
the error is small and the load is large. The BOOST 
variable provides this integral control by increasing the 
output a fixed amount every time period in which the 


Listing 4-11. Motor Control Software Timer 1 Routine 


ee 
i i oe 
i eo 


CSEG AT 2600H 
swtl expired: 


pushf 
orb portl,#10000000B 


ldb int mask,#000011018 


ldb HSO COMMAND, #@39H 


add HSO _TIME »TIMERL,swtl _aly 


ld time err+2,des time+2 
ld pos _err+2,des post+2 


sub time err,des time,time 


time err+2,time+2 


sub pos_ Src, dan pos,position 


pos _err+2,position+2 


PETS IC TTI TAS KTH TAG IIs F HR GFF F288 HT HGF Ss FS 8 Shs OP HEE 18s 88 8 8 88 
SOFTWARE TIMER ROUTINE 1 
ie Ta ie ot We ae aa Jt J Je tS fe ae Dt Je J ae TS Je J Pe et Tt eR oe 2 ee ee 


+ set portl.?7 


+ enable HSI, Tovf, HSO 


5 Calculate time & position error 


+ values are set 


time delta,last time _err,time err 


last time _err,time_ere 


pos delta,last pos ercr,pos err 


last pos _err,pos_ere 


Time ere = Desired time to finish - current time 


Pos ere 
Pos delta 


= Desired position to finish - current position 
= Last position error - Curent position error 


Time delta =» Last time error - Current time error 
note that errors should get smaller so deltas will be 
positive for forward motion (time is always forward) 
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+ 


chk dir: 
cap 
jge 


go backward 
f neg 
1db 
cap 
jne 

br 


go forward: 
ldb 
cmp 


je 


1d max: ldb 
br 


Chk brks 


braking: 
cmp 
jge 
neg 

chk delta: 
cap 
jnh 


ldb 
ldb 


notb 


ldb 


br 


Hold positions 


calc out: 


mulub 
mulu 


cap 
jne 
add 
add 
br 
no _ bst: cle 
ck max: cmp 
jnh 
maxed: ld 
output: ldb 


chk sanity: 
br 


1d _ pwr: 
ldb 


notb 


jbs 


p2bkwd: 


pos err+2,zero 
go _ forward 


pos err 
pwm dir,@00h 


» Pos _ err = ABS VAL (pos _err) 


pos _ err+2,00fffth 


1d max 
chk brk 


pwm dic,@01H 
pos ercr+2,zero 
chk brk ' 


Pwm Ppwre,max pwr 
chk sanity 


pos err,pos pnt 


hold position 


pos err,brk pnt 
1d max 


pos. delta,zero 
chk delta 
pos delta 


pos delta,vel pnt 
hold position 


Ppwm pwe,max brk 
tmp,direct 

tmp 

pwem dir,tmp 


1d pwe 


pos erc,§02 
calc out 
tap+2 

boost 
output 


» Position Error now = ABS(pos err) 
’ position _error<position control point 


s position error>brake point 


velocity = pos delta/sample time 
jap if ABS(velocity) < vel pnt 


If braking apply power in opposite 


Girection of current motion 


+ position hold node 


1 Lf position error < 2 then turn off power 


tmap,max hold,#255 


tmp,pos ere 
pos delta,zero 
no bst 
boost,@04 
tmp+2,boost 

ck max 

boost 
tmp+2,max hold 
output 
tmp+2,max_ hold 
Ppwm pwe,tmp+2 


1d pwr 


rpwre,pwm pwr 
cpwer 
pwe dir,0,p2fwd 


port2,#011111118 
pwm control,cpwe 
pwrset 


port2,#100000008B 
pwe control,rcpwr 


1) Tap = pos_err * max hold 


+ Boost is integral control 
+ TMP+2 «= MSB(pos err*max hold) 


+ Clear P2.7 
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Figure 4-7. Motor Control Modes | 


error does not get smaller. Once the error does get 
smaller, usually because the motor starts moving, 
BOOST is cleared. 


time err+2,zero 
end p- 
end p 


cmp 

Jit 

ld 

cle 
get vals: 


get vals 


time+2 


nxt pos,#(32+pos table) 


A sanity check can be performed at this point to double 
check that the 8096 has proper control of the motor. In 
the example the worst that can happen is the proto- 


+; do pos table when err is negative 


+ jump if lower - 


nxt pos,#pos table 


des pos,{nxt pos)+ 
des pos+2,{nxt pos)+ 
des _time+2,[nxt pos) + 
max pwr,[nxt pos])+ 


max brk,max pwr 
des pos,offset 
des pos+2,zero 


last pos_err,des pos,position 


portl,#@O1l1l111118 


pos table: 


000000008 


dcl 
dcw 
dcl 
dcw 
dcl 
dcw 
acl 
dcw 


0020H, 0080H 
0000c000H 
0040H, 0040H 
00000000H 
0060H, OO0cOH 
OFPFFS8OO0OO0OH 
0080H, O0080H 


00000800H 
0058H, OO8OH 
00003000H 
0070H, OOffH 
O00000000H 
OO090H, OOFOH 
00000000H 
OO91H, OOFfOH 


dcl 
dcw 
dcl 
dcw 
dcl 
dcw 
dcl 
dcw 


= ~ = «2 = =e «ss os 


» clear P1l.7 


position 0 
next time, 
position 1 
next time, 
position 2 
next time, 
position 3 
next time, 


power 
power 
power 
power 


position 4 
next time, 
position 5 
next time, 
position 6 
next time, 
position 7 
next time, 


power 
power 
power 


power 
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Listing 4-12. Motor Control Next Position Lookup 


aa 


e's me ae Ws ; 7 
eas. aoe Bre : im = 
BR ee 
eae se hee o = Fs rR de Aa ae ~ 
ne be od c BH Ay) te ar 7 EDS 7 eae 
y he # - A ite \S an be - z ae 
AP-248 cae? 


type will need to be reset, so the sanity check was not 


used. If one were desired, it could be as simple as 


checking a hardware generated direction indicator, or 
as complex as checking motor condition and other en- 
vironmental factors. 


After all checks have been made, the power value is 
loaded to the RPWR register using a software inversion 
to compensate for the hardware inversion. Direction is 
determined next and the power and direction are 
changed in adjacent instructions with interrupts dis- 
abled to prevent changing power without direction and 
vice versa. 


To exercise the program logic the desired position is 
changed based on the time value using the code and 
lookup table shown in Listing 4-12. 


The remaining sections of the program are relatively 
simple, but worth discussing briefly. The initialization 
routine initializes the I/O features and places several 
variables from ROM into RAM. Having these variables 
in RAM makes it easier to tweak the algorithm. Timer 
1 is expanded into a 32-bit timer by the interrupt rou- 
tine shown in Listing 4-13. 


Software timer overhead is handled by the routine 
shown in Listing 4-14. In this routine the status of each 
timer bit is checked in a shadow register. If any of the 
timers have expired the appropriate routine is called. 


POLVILEV IAAI SHSEOD AHA IA STI EPEC TA AT RR Cs ee 888s 


TIMER INTERRUPT 


SERVICE 


Ce a ee ae 


CSEG AT 2200H 


_ové_ int: 
pushf 


orb fosl bak,Irosl 
chk tl: jbe 
ince time+2 
andb fiosl bak,@11011111B 
tmr int dong: 
= —~pop 


ret > End of timer 


iosl bak,5,tmr_int done 


3 Clear bit 5 


interrupt routine 
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Listing 4-13. Motor Control Timer Interrupt Routine 


i oe oe ee ee ee es es ss ss ss 
3583 SOPTWARE TIMER INTERRUPT SERVICE ROUTINE } 
i 3 


FFF FFP PTF ECE TPP PPT PSE FEF THEE HET TET TET ETT EET PFET FETE GTS 


CSEG AT 2220H 


soft _tmr_ int: 
pushf 
orb fosl bak,Iosl 

chk swt0: 5 
jbec fosl bak,0,chk swtl 
andb iosl “bak,#11111110B 

ehk swtil¢all swt0O expired 

7 jbe fosl bak,l,chk swt2 

andb fosl bak,#111111018 


chk swt2set? swtl expired 


jbe fosl_ bak,2,chk swt3 
angb Log bak #1311T0118 
ca aw {re 


—exp 
chk swt3: 


jbec iosl bak,4,swt int done 


andb iosl bak,#111161118 
’ call swt3 expired 


swt int done: 
popf 
ret 1 END OF SOFTWARE TIMER INTERRUPT ROUTINE 
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Listing 4-14. Motor Control Software Timer Interrupt Handler 


21-170 


PUFF TEE TEETH PETE TTT Ea 
SOFTWARE TIMER ROUTINE 


te ir ee oe i se ee ee eee 


CSEG AT 23608 


swt2 expired: 
pushf 
ldb hso command,#3AH 


add hso_time,timerl,swt2 dly 


orb portl,#00000100B 
cmp out ptrc,e7ffH 
bnh pulsing 

1d out ptr,#1lfO0H 


pulsing: 
jbe tr _col,0,swt2 done 


st position+2,fout ptr}+ 
at position,fout ptr}+ 


sat @irect,fout ptr)}+ 
at Pwm pwr,fout ptr)+ 


swt2 done: 


sub tmpl,timerl,lasti time 


cmp tmpl,@18008 


jnh swt2 ret + keep 


add lastl time,@#@1l000H 
swt2 ret; = 
andb 
popf 
ret 


portl,#111110118 


+ set awt 2 


: Bet -poct .b.2 


’ position high, position low 


3 store 8 bytes externally 


(time last4 time)<7000H 


; clear portl.2 
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Listing 4-15: Motor Control Software Timer 2 Routine 


The last routine, shown in Listing 4-15, is the Software 
Timer 2 routine which outputs some variables to exter- 
nal RAM. It also keeps LAST1__Time within 1800H 
of Timerl to prevent overflows from occurring when 
the Mode 0 and Mode 1 software check this variable. 


A complete listing of the program as it is used in our 
lab can be found in Appendix D. For a given motor or 
encoder it will probably be necessary to change some of 
the time constants on the first page of the listing. With 
the motor used in our experimentation, pulses are 
missed from time to time when direction changes 
quickly. If the motor were not as fast to turn around or 
the encoder were mounted better these problems should 
disappear. The missing pulses occur when switching 
from Mode 1 to Mode 0, other than that no anomalies 
were found in the lab. 


Prior to the version of code just discussed, several at- 
tempts were made, one of which could be used under 
certain constraints. It is possible to use only modes 2 
and O to monitor the encoder, provided the encoder 


always operates smoothly and provides at least 200 mi- 
croseconds between the last several edges of Phase A 
before reversing. This idea was originally tried because 
the motor was not characterized thoroughly at first, 
and caused problems because of the motors tendency to 
stop suddenly when its speed was low. 


If an encoder has a lower line count and therefore more 
time between output pulses the two mode solution can 
be used. The software for the two mode version can be 
easily extracted form the three mode version, so it will 
not be presented. 


5.0 HARDWARE EXAMPLE 


5.1. EPROM Only Minimum System 


The diagram in Figure 5-1 illustrates how to connect an 
8096 in a minimum configuration system. Either 2764s 
or 27128s can be used in the system. Note that the 
lower EPROM contains the even bytes while the upper 


21-171 


CLKOUT 
BHE 
WR 


RO 


HSO.4 HSO.5 
HSI.0 HSI.1 HS!.2 HSI.3 
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one contains the odd bytes, and the addressing is not 4K is mapped at 2000H. If the program being loaded is 
fully decoded. This means that the addressing on a 16 Kbytes long the first half is loaded into the second 
2764 will be such that the lower 4K of each EPROM is half of the 2764s and vice versa. A similar situation 
mapped at OOOOH and 4000H while the upper exists when using 27128s. 


21-172 


GND 74LS373 


AD = ADDRESS’DATA 
MA = MEMORY ADDRESS 


ADO- AD15 


Bee oS ape iat 
ss Sai Ee. F y 


ZG" = 
ee 


2764 
GND 27128 


Vpp 2764 
Gno 27128 
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Figure 5-1 (2 of 2). 


This circuit will allow most of the software presented in 
this ap-note to be run. In a system designed for proto- 
typing in the lab it may be desirable to buffer the I/O 
ports to reduce the risk of burning out the chip during 
experimentation. One may also want to enhance the 
system by providing RC filters on the A to D inputs, a 
precision VREF power supply, and additional RAM. 


5.2. Port Reconstruction 


If it is desired to fully emulate a 8396 then I/O ports 3 
and 4 must be reconstructed. It is easiest to do this if 


the usage of the lines can be restricted to inputs or 
outputs on a port by port rather than line by line basis. 
The ports are reconstructed by using standard memory- 
mapped I/O techniques, (i.e., address decoders and 
latches), at the appropriate addresses. If no external 
RAM is being used in the system then the address de- 
coding can be partial, resulting in less complex logic. 


The reconstructed I/O ports will work with the same 
code as the on chip ports. The only difference will be 
the propagation delay in the external circuitry. 
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SERIES-III MCS-96 MACRO ASSEMBLER, 


SOURCE FILE: -F3: INTER1 AVS 
OBJECT FILE: :F3: INTER1. OBJ 


V1 0 


CONTROLS SPECIFIED IN INVOCATION COMMAND. NOSB 


ERR LOC OBJECT 


A1000118 © 


BO221C 
18031C 
7iFE1C 


AC1iC1C 
A31D002124 


LINE 


SOURCE STATEMENT 
S$TITLE( ‘INTER1 A996: Interpolation routine 1’) 
Hi a ie ee 8096 Assembly code for table lookup and interpolation 


$ INCLUDE (: FO: DEMO96. INC) ; Include demo definitions 
$nolist ; Turn listing off for include file 
F End of include file 


RSEG at 22H 


IN_VAL: 
TABLE _LOW: 
TABLE_HIGH: 
IN_DIF: 
IN_DIFB 
TAB_DIF: 
OUT: 
RESULT: 
OUT_DIF: 


Actual Input Value 


Upper Input —- Lower Input 


Upper Output - Lower Output 


mt bet bed be et et et et pet 


Delta Out 


2080H 


#100H 


IN_VAL i; Load temp with Actual Value 
#3 . + Divide the byte by 8 
#11111110B ; Insure AL is a word address 
i; This effectively divides AL by 2 
so AL = IN_VAL/14 


AX, AL Load byte AL to word AX 


TABLE_LOW., TABLE [AX] i; TABLE_LOW is loaded with the value 
i in the table at table location AX 
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SI TIdWNVXA AYVMLAOS DISVE 


> 
- 
al 
pe) 
S 
© 
© 
V6 
= 
NS 
a 
Oo 
} 
a | 
Pf 
pee | 
= 
@ 
2 


2095 


209A 


209E 


20A2 


20A5_ 


20AA 


20AD 


20B1 
~~ 20B4 


20B7. 


2O0BA 


2100 


2100 
2108 
2110 
2118 
2120 


2122 


ASSEMBLY 


A31D022126 


4824262A 


510F 2228, 
AC2828 


FE4&C2A2830 


0E0430 


4424302C 


OA042C 
A4002C 


CO2E2C 


27C8 


000000200034004C 
005D006A00720078 
007B007D0076006D 
005D004B00340022 
0010 


99 
100 
101 
102 


103, 


104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 


no inc: 


cseg 


table: 


END 


COMPLETED. NO ERROR(S) FOUND. 


LD TABLE_HIGH, (TABLE+2)CAX] i; TABLE_HIGH is loaded with the 
i value in the table at table 
is location AX+2 4 
» (The next value in the table) 


SUB TAB_DIF, TABLE_HIGH, TABLE_LOW 
; TAB_DIF=TABLE_HIGH—TABLE_LOW 
_ANDB IN_DIFB, IN_VAL, #0FH ; IN_DIFB=least significant 4 bits 
> of IN_VAL. 3 
LDBZE IN_DIF, IN_DIFB ; Load byte IN_DIFB to word IN_DIF 
MUL OUT_DIF, IN_DIF, TAB_DIF 


i OQutput_difference = _ 
’ i Input_difference*Table_ difference 


SHRAL OUT_DIF, #4 vs ; Divide by 16 (2##4) 


Add output difference to output 
generated with truncated IN_VAL 
as input 


ADD OUT, OUT_DIF, TABLE_LOW 


SHRA OUT, #4 


=e & & ow 


Round to 12-bit answer 
ADDC OUT, zero Round up if Carry = 1 
ST OUT, RESULT » Store OUT to RESULT 
BR look i Branch to "look: " 
AT 2100H 
DCW OOOOH, 2000H, 3400H, 4COOH ; A random function 
DCW SDOOH, S6AOOH, 7200H, 7800H 
DCW 7BOOH, 7VDOOH., 7600H. 4&DOOH 
DCW SDOOH, 4BOOH, 3400H, 2200H , 


DCW —«:1000H , | ak 


270061-—65 


LLL-12 
Z dnyxOo7 s1qeL ‘Z'V 


SERIES-II1I MCS-96& MACRO ASSEMBLER. VI O 


SOURCE FILE: F3:. INTER2 A96 
OBJECT FILE: :- 3. INTER2. OB 
CONTROLS SPECIFIED IN INVOCATION COMMAND NOSB 


ERR LOC OBVECT " LINE SOURCE STATEMENT 
1 *TITLE( ‘INTER2 AVS Interpolation routine 2’) 
2 ; 
| Te ee a a 8096 Assembly code for table lookup and interpolation 
2 ie a Using tabled values in place of division 
. 2 
ro) SINCLUDE(. FO: DEMO96. INC) ., Include demo definitions 
=>. @-7 $nolist ; Turn listing off for include file 
=1 35 i End of include file 
56 
0024 ~ ¥ | RSEG at 24H 
P ‘ 58 
0024 a9 IN_VAL: dsb 1 i Actual Input Value 
0026 60 TABLE _ LOW: dsw 1 i Table value for function 
0028 61 TABLE_INC: | dsw 1 i Incremental change in function 
002A ' 62 IN_DIF: dsw 1 i Upper Input —- Lower Input 
002A ; 63 IN_DIFB equ IN_DIF :byte : : 
002C 64 OUT: dsw 1 
OO2Ee 65 RESULT: dsw 1 * 
0030 66 OUT_DIF: dsl 1 i Delta Out 
. 47 
48 . 
2080 69 CSEG at 2080H 
70 ' j ; , 
2080 A1000118 74 Pm SP, #100H i Initialize SP to top of reg. file 
42 
2084 BO24IC 73 look: LDB AL, IN_VAL i Load temp with Actual Value 
2087 18031C ' 74 SHRB AL, #3 i Divide the byte by 8 
208A 71FEIC 7S ANDB AL, #11111110B ; Insure AL is a word address . 
. 76 i This effectively divides AL by 2 
‘ ir ty 77 i $0 AL = IN VAL/16 
208D ACICIC 78 LDBZE AX, AL i Load byte AL to word AX 
79 
20990 A31D002126 80 LD. TABLE LOW, VAL_TABLECAX) i TABLE_LOW is loaded with the value 
81 : i in the value table at location AX 
82 , 
2095 A31D222128 83 LD TABLE_INC, INC_TABLECAX] ; TABLE_INC 1s loaded with the value 
84 i in the increment table at 
85 i location AXx+2 
86 
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209A 
209E 


20Al 


20A6 


20AA 
20AD 


20B0 
20B3 


2100 


2100 
2100 
2108 
2110 
2118 
2120 
2122 
2122 
212A 
2132 
213A 


2142 


ASSEMBLY 


910F242A 


AC2A2A 


FE4C282A30 


4426302C 


08042C 
A4002C 


CO2E2C 
27CF 


000000200034004C 
005D006A00720078 
007B007D0076006D 
005D004B00340022 
0010 


00024001860011001 
DOO0800060003000 
200090F F 70F FOOFF 
EOFESOFEEOFEEOFE 


COMPLETED. 


ANDB IN_DIFB. IN_VAL, #OFH i IN_DIFB=least significant 4 bits 
i of IN_VAL 
LDBZE IN_DIF, IN_DIFB ; Load byte IN_DIFB to word IN_DIF 
MUL OUT_DIF. IN_DIF. TABLE_INC 
i Output _ difference = 
i Input_difference#Incremental change 
ADD OUT. OQUT_DIF.,. TABLE_LOW i; Add output difference to output 
F generated with truncated IN_VAL 
é as input 
SHR OUT, #4 + Round to 12-bit answer 
ADDC OUT, zero > Round up if Carry = 1 
no_inc: ST OUT, RESULT s Store OUT to RESULT 
BR look , is Branch to “look: " 
cseg AT 2100H 
val_table: , 
DCW OOOOH, 2000H, 3400H, 4COOH i; A random function 
DCW SDOOH. 6A0O0H, 7200H, 7SBO00H 
DCW 7BOOH, 7DOOH. 7&00H,. 6&DOOH 
DCW SDOOH, 4BOOH, 3400H, 2200H 
DCW 1000H 
inc_table: 
DCW _0200H, 0O140H, O180H, 0O110H + Table of incremental 
DCW OODOH, OO80H, O060H, O030H is differences 
DCW O00020H., OFF9IOH. OFF7OH. OFFOOH 
DCW OFEEOH, OFEQZOH, OFEEOH, OFEEOH 


END 


NO ERROR(S) FOUND. 
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SERIES-III PL/M-96 V1 O COMPILATION OF MODULE PLMEX 
OBJECT MODULE PLACED IN -F3 PLMEX1. OBJ 
COMPILER INVOKED BY: PLM96. 86 F3. PLMEX1. P96 CODE 


STITLE( ‘PLMEX1: PLM-96 Example Code for Table Lookup’) 


/* PLM-96 CODE FOR TABLE LOOK-UP AND INTERPOLATION *#/ 


1 PLMEX: DO; 
2 1 DECLARE IN_VAL WORD PUBLIC; 
3 1 DECLARE TABLE _LOW INTEGER PUBLIC; 
4 1 DECLARE TABLE’ HIGH INTEGER PUBLIC; 
re) a DECLARE TABLE_DIF INTEGER PUBLIC; 
6 1 DECLARE OUT INTEGER PUBLIC; 
7 1 “DECLARE RESULT INTEGER PUBLIC: 
8 1 DECLARE OUT_DIF LONG INT PUBLIC; ‘ 
< 1 DECLARE TEMP WORD PUBLIC; F 
10 1 DECLARE TABLE(17) INTEGER DATA (¢ 
OOOOH, 2000H, 3400H, 4COOH, /* A random function #/ 
SDOOH. SAOOH. 7200H. 78OOH, 
7BOOH, 7DOOH, 7600H., SDOOH. 
SDOOH, 4BOOH, 3400H,. 2200H, 
1000H); : 
ee 1 DMPY: PROCEDURE (A.B) LONGINT EXTERNAL; 
12 2 DECLARE (A,B) INTEGER: 
13 2 END DMPY; 
14 1 LOOP. 
TEMP=SHR(IN_VAL, 4); /* TEMP is the most significant 4 bits of IN_VAL #*/ 
is 1 TABLE_LOW=TABLE( TEMP ); /* If “TEMP” was replaced by “SHR(IN_VAL,4)"  #*/ 
16 1 TABLE _HIGH=TABLE (TEMP +1); /* The code would work but the 8096 would */ 
/* do two shifts */ 
17 1 TABLE_DIF=TABLE_HIGH-TABLE_LOW; 
18 1 OUT_DIF=DMPY(TABLE_DIF., SIGNED(IN_VAL AND OFH)) /16; 
19 1 OUT=SAR ((TABLE_LOW+OUT_DIF),4)i /* SAR performs an arithmetic Tight shift, 
in this case 4 places are shifted */ 
, 270061 -68 
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20 1 IF CARRY=O0O THEN RESULT=OUT; /* Using the hardware flags must be done */ 
22 1 ELSE RESULT=OUT+1;i /* with care to ensure the flag is tested */ 

/* in the desired instruction sequence */ 
23 1 GOTO LOOP: 


/*@ END OF PLM-9464 CODE  +#/ 


ita | END: 
PL/M-96 COMPILER PLMEX1: PLM-96 Example Code for Table Lookup 
; _ ASSEMBLY LISTING OF OBJECT CODE 
; STATEMENT 14 
0022 PLMEX: 
0022 Ai000018 R LD SP, #STACK 
0026 LOOP: | 
0026 A00010 R LD TEMP, IN_VAL 
0029 080410 i) SHR = TEMP, #4H 
i STATEMENT is ; 
002C 4410101C R ADD  TMPO, TEMP, TEMP 
0030 A31D000002 R LD TABLE_LOW, TABLEL TMPO] 
i STATEMENT 16 
0035 A31D020004 RR LD TABLE_HIGH, TABLE+2HE TMPO] 
i STATEMENT 17 
003A 48020406 W SUB  TABLE_DIF, TABLE_HIGH. TABLE_LOW 
i STATEMENT 18 
O003E C804 i PUSH TABLE_DIF 
0040 410F00001C R AND TMPO, IN_VAL, #OFH 
0045 CBC PUSH TMPO 
0047 EFOO0O E CALL DMPY | 
004A OE041C SHRAL TMPO, #4H 
004D AO1E0E “ LD OUT_DIF+2H, TMP2 
0050 Aaod1coc B LD OUT_DIF. TMPO 
: ; STATEMENT 19 
0053 A00220 | R LD TMP 4, TABLE_LOW 
0056 0620 . EXT MP4 
0058 641C20 ~ ADD MP4, TMPO 
OOSB A41E22 ADDC TMP4, TMP2 
OOSE 0EF0420 SHRAL TMP4, #4H 
0061 A02008 8 LD OUT, TMP4 
i STATEMENT 20 
0064 B1FFIC pa | LDB TMPO, #OFFH 
0067 DBO2 BC @0003 
0069 111C CLRB TMPO 
006B - @0003: 
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OO6B 9781C00 CMPB RO. TMPO 


OO6E D705 BNE @0001 
i STATEMENT 21 
0070 AO200A R LD RESULT, TMP4 
0073 2005 BR @0002 
i STATEMENT 22 
0075 @0001 
0075 A0O0B80A } LD RESULT. OUT 
0078 070A BH INC RESULT 
i STATEMENT 23 
OO7A : ; @0002: 
OO7A 27AA BR LooP 
i STATEMENT 24 
~ END 
MODULE INFORMATION: 
CODE AREA SIZE = OOSAH 90D 
CONSTANT AREA SIZE = 0022H 34D 
DATA AREA SIZE = O000H oD ; 
STATIC REGS AREA SIZE = 0012H 18D 
PL/M-96 COMPILER PLMEX1 PLM-96 Example Code for Table Laokup 


ASSEMBLY LISTING OF OBJECT CODE 


OVERLAYABLE REGS AREA SIZE = OOOOH OD 
MAXIMUM STACK SIZE = 0006H 6D “ 
48 LINES READ . 

PL/M-96 COMPILATION COMPLETE. 0 WARNINGS, O ERRORS 
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MCS-96 MACRO ASSEMBLER 
SERIES-II1 MCS-96 MACRO ASSEMBLER, V1.0 

SOURCE FILE: :F3: MULT. A96 

OBVYECT FILE: :F3: MULT. OBJ 

CONTROLS SPECIFIED IN INVOCATION COMMAND: NOSB 


ERR LOC OBJECT ‘LINE 


ASSEMBLY 


. _ 
2 
0018 4 SP 
: Ss 
0000 & rseg 
vA EXTRN 
8 
~ 0000 9 cseg 
10 . 
& Oe _ PUBLIC 
12 
13 
0000 CC04 E 14 DMPY: POP 
0002 CCOO E 15 POP 
0004 FE6E1900 E 16 MUL 
7 
0008 E304 E 18 BR 
~ OOOA 19 END 
NO ERROR(S) FOUND. " 


COMPLETED, 


MULT. APT: 16#16 multiply procedure for PLM-96 


SOURCE STATEMENT 
1 $TITLE( “MULT. APT: 16#16 


EQu 18H: word. aid . 
PLMREG -: long a 
DMP Y i Multiply two integers and return a 
: ; longint result in AX, DX registers 
PLMREG+4 ery i Load return address 
PLMREG | i Load one operand 
PLMREG, CSP 1+ i Load second operand and increment SP 
CPLMREG+4] i Return to PLM code. 
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SERIES-III MCS-96 RELOCATOR AND LINKER. V2.0 


Copyright 1983 Intel Corporation 


INPUT FILES: -F3:PLMEX1. OBJ, :>F3:MULT. OBU, PLM96. LIB 
OUTPUT FILE: :F3: PLMOUT. OBJ 
CONTROLS SPECIFIED IN INVOCATION COMMAND: 

ROM (2080H-3FFFH) 


INPUT MODULES INCLUDED: 
>FS3: PLMEX1. OBU(PLMEX) 12/25/84 
°F3: MULT. OBU(MULT) 12/25/84 
PLM96.LIB(PLMREG) 11/02/83 


SEGMENT MAP FOR : F3: PLMOUT. OBJ(PLMEX): 


TYPE ~~ BASE LENGTH 
*##RESERVED* OO00H O0O1AH 
### GAP He OO1AH 0002H — wpts 
r 4 REG OO01CH 0008H ABSOLUTE 
; REG 0024H 0012H WORD 
STACK 0O036H 0006H WORD 
### GAP #4 003CH_ 2044H . 
CODE 2080H 0003H ABSOLUTE 
eee GAP Ht 2083H 0001H ’ 
CODE 2084H 007CH WORD 
; CODE 2100H OOOAH BYTE 
HH GAP 4H | 210AH DEF6H 


MODULE NAME 


oy 
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SYMBOL TABLE FOR :F3: PLMOUT. OBU(PLMEX). 


ATTRIBUTES 

REG WORD 
REG INTEGER 
REG INTEGER 
REG INTEGER 
REG INTEGER 
REG INTEGER 
REG LONGINT > 
REG WORD 
CODE ENTRY 
REG LONG 
NULL NULL 
NULL NULL 


+t 
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RL96 COMPLETED, 
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O WARNING(S), 
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NAME 


PUBLICS: 


IN_VAL 


TABLE _LOW 


TABLE_HIGH 
TABLE _DIF 


DMP Y 
PLMREG 
MEMORY 
?MEMORY_SIZE 


MODULE: PLMEX 


MODULE: MULT — 


MODULE: PLMREG 


O ERROR(S) 
$. 
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SERIES-III MCS-96 MACRO ASSEMBLER. V1 O 


SDURCE FILE’ FS: PULSE. AV6 
OBJECT FILE. F3: PULSE. OBU 
CONTROLS SPECIFIED IN INVOCATION COMMAND’ NOSB 


ERR LOC OBJECT LINE SOURCE STATEMENT 
1 $TITLE( ‘PULSE. A946: Measuring pulses using the HSI unit’) 
2 
3 $INCLUDE (DEMO94 INC) ; 
=1 4 $nolist i Turn listing off for include file 
=i 52 i End of include file 
a3 
0028 54 rseg at 28H 
, ! 55 
0028 56 HIGH_TIME: dsw 1 
002A 37 LOW_TIME: dsw 1 
002c 58 PERIOD: Ris dsw 1 
OO2E 39 HI _ EDGE: dsw 1 
> 0030 60 LO_EDGE: dsw 1 
> 61 
v0 62 
I 63 , 
™ ® 2080 64 cseg at 2080H 
— © 66 
an 2 2080 41000118 67 LD SP, #100H : | 
c 2084 B10115 468 LDB 10CO, #00000001B i Enable HSI O 
© 2087 B10FO3 -) an ~LDB HSI_MODE, #00001111B i HSI O look for either edge 
‘ : 70 
3 20BA 442A262C 71 wait: ADD PERIOD. HIGH_TIME, LOW_TIME 
ef 208E 3E1603 72 JBS 10S1, 6 contin “jr FIFO is full 
: 2091 3716F6 fa ' JBC 10S1, 7. wait i Wait while no pulse is entered 
74 
2094 BOOS1C 73 contin: LDB AL, HSI_STATUS i Load status; Note that reading 
7& i HSI_TIME clears HSI_STATUS 
a 4 
2097 A00420 78 LD BX, HSI_TIME i Load the HSI_TIME 
: 79 
209A 391C09 BO JBS AL, 1. hsi_hi ; Jump if HSI.O is high 
81 P 
209D CO3020 82 hei lo: ST _ BX, LCO_EDGE 
20A0 482E3028 83 SUB HIGH_TIME, LO_EDGE, HI_EDGE 
20A4 27E4 84 BR wait 
85 
B46 ; 
20A6 COZE20 87 hsi_hi: ST. BX, HI_EDGE 
270061-75 
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oh ; d rr 
20A9 48302E2A 88 SUB LOW_TIME, HI_EDGE., LO EDGE 


20AD 27DB A. eee BR wait 
ite ; } 90 i ; 
-20AF 91 END 


ASSEMBLY COMPLETED, NO ERROR(S) FOUND. 
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SERIES-ITI MCS -96 MACRO ASSt*MBLER. V1 © 

SOURCE  F ILt F3 ENHSI A9G6 

OBJECT FILE F3 ENHS] OBJ 

CONTROLS SPECIFIED IN INVOCATION COMMAND NOSB ~ j 


ERR t.OC OBJECT ‘, ENE SOURCE STATEMENT 


1 $TITLE (‘ENHSI AQG ENHANCED HSI PULSE ROUTINE’) 
2 
3 $INCLUDE (DEMO96._ INC) 
=1 a $nolist =, Turn listing off for include file 
=1 52 ; End of include file 
53 , 
0028 34 RSEG AT 28H i 
35 
- 0028 56 TIME. DSW 1 
Q02A 57 LAST_RISE. DSW 1 
oo2Cc . 58 LAST _ FALL: DSW 1 
OO2E : ‘39 HSI_SO: DSB 1 
O02F - 60 10S1_ BAK: DSB 1 
0030 ‘ 61 PERIOD: DSW 1 
0032 © 62 LOW_TIME: DSW 1 
0034 ~~ 63 HIGH_TIME: © DSW 1 
0036 , , 64 COUNT: DSW 1 
65 
2080 66 cseg at 2080H 
|. eee 4 
2080 A1000118 468 init.:..-..LB . SP, #100H 
69 
2084 B12516 70 LDB 10C1, #00100101B ; Disable HSO. 4,HSO 5, HSI_INT=first, 
; 71 i; Enable PWM, TXD, TIMER1_OVRFLOW_INT 
72 
2087 B19903 is LDB HSI_MODE, #10011001B i. e8€, Nei. i <i hei 4+ 
208A B10715 74 LDB I10CO, #00000111B i Enable hsi 0,1 
7o i T2 CLOCK=T2CLK, T2RST=T2RST 
76 i Clear timer2 . 
Pe 4 
78 
208D 717F2F : 79 wait: ANDB | 10S1_BAK, #01111111B i Clear 1I0S1_BAK. 7 
2090 90162F 80 ORB 10S1_BAK, I0S1 i Store into temp to avoid clearing 
81 is other flags which may be needed 
2093 372FF7 2 JBC 10S1_ BAK, 7, wait i If hsi is not triggered then 
83 i; yump to wait 
84 
2096 5155062E 85 ANDB HSI_SO. HSI_STATUS, #01010101B 
209A A00428 86 LD TIME. HSI_TIME 
87 
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209D 
20A0 
20A3 


20A5 
20A9 
20AD 
20B0_ 


20B2 
20B6 
20BA 
20BD 
20BD 
20BF 
20C1 


ASSEMBLY 


382E05 88 JBS 
SA2ZEOF 89 JBS 
201A ' 90 BR 
91 
482C 2832 92 a_rise: SUB 
482A2830 — ge] SUB 
A0282A 94 LD 
200B 95 BR 
9& 
482A2834 97 a_fall: SUB 
482C 2830 ' 98 SUB 
A0282C 99 LD 
; 100 ‘ 
101 increment: 
0736 102 INC 
27CC 103 no_cnt: BR 
104 
105 END 
COMPLETED, 


NO ERROR(S) FOUND. 
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HSI_SO, 0. a_rise 
HSI_SO, 2, a_fall 
no_cnt 


LOW_TIME, TIME, LAST_FALL 
PERIOD, TIME.,LAST_RISE 
LAST_RISE,. TIME 

increment 


HIGH_TIME, TIME, LAST_RISE 
PERIOD, TIME, LAST_FALL 


LAST _FALL, TIME 


COUNT 
wait 
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SERIES-III MCS-96 MACRO ASSEMBLER, V1.0 


SOURCE FILE: :F3: HSODRV. A96 
OBJECT FILE: :F3: HSODRV. OBU 
CONTROLS SPECIFIED IN INVOCATION COMMAND: NOSB 


aS eee 


681-12 
OSH 84} Bulsn Wd '9'V 


ERR LOC OBJECT : LINE SOURCE STATEMENT . 
1 S$TITLE( “‘HSODRV. A96: Driver module for HSO PWM program’) 
2 ‘ 
3 HSODRV MODULE MAIN. STACKSIZE(8) 
4 
ss] 
6 - PUBLIC HSO_ON_O ., HSO_OFF_O ’ 
Rs PUBLIC HSO_ON_1 ,. HSO_OFF_1 cel 
8 PUBLIC HSO_TIME . HSO_ COMMAND Es 
9 PUBLIC SP , TIMER1 ., I0SO Pd 
11 $ INCLUDE (DEMO96. INC) fe 
=1 12 S$nolist i; Turn listing off for include file 
=1 40 i End of include file f 
61 
0028 62 rseg at 28H 
63 ts 
64 EXTRN OLD_STAT : byte 
65 
0028 66 HSO_ON_O: dsw 1 
002A 67 HSO_OFF_O: dsw 1 
002C 68 HSO_ON_1: dsw 1 
O002E 69 HSO_OFF_1: dsw 1 
0030 70 count: - dsb 1 . 
, 71 
2080 72 cseg at 2080H 
73 
74 ~EXTRN wait entry bal | 
73 
2080 FA 76 strt: DI 
2081 A1000118 cw A LD SP, #100H 
2085 510F1500 78 ANDB OLD_STAT. I10S0, #0OFH 
2089 950F00 79 XORB OLD_STAT,. #OFH 
80 
208C 81 initial: 
208C A1000122 82 LD CX, #0100H 
83 
2090 A100101C B4 loop: LD AX, #1000H 
2094 48221C20 85 SUB BX, AX, CX 
2098 AO2Z21iC 86 LD AX, CX a 
87 


j x - : Wd eat * Pa ite 
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209B CO281C a8 ST AX, HSO_ON_O 
209E CO2A20 89 ~ 3Y BX, HSO_OFF_O 


20A1 OB8011C 91 SHR AX, #1 : 
20A4 080120 92 SHR BX, #1 , 
— 20A7 CO2cic hay 93 ST AX, HSO_ON_1 . , 
20AA CO2E20 , 94 ST BX, HSO_OFF_1 


20AD EFOOOO | E 96 CALL = wait 


20B0 0722 i 98 - INC cx 
20B2 89000F22 a. CMP - Chi, MOGFOOH. * o>. 
20B6 D7D8- 100 BNE loop igh eas _Te 
: 101 A ees ‘ 
20B8 27D2 — ite. . SP e erreel 5. , pe ba th 
, 103 2 f ' : 
20BA ~ 104 . END 


ASSEMBLY COMPLETED, NO ERROR(S) FOUND. 
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SERIES-III MCS-94 MACRO ASSEMBLER, 


SOURCE FILE: :-F3:HSOMOD. A96 
OBJECT FILE: -F3:HSOMOD OBJ 


Wie O 


CONTROLS SPECIFIED IN INVOCATION COMMAND: NOSB 


ERR LOC OBJECT 


0000 


0000 


0001 
0002 


0000 


0000 3EOOFD S 


0003 FD 


LINE 


SOURCE STATEMENT 
$TITLE( ‘HSOMOD. A96: 8096 PWM PROGRAM MODIFIED FOR DRIVER’) 
SPAGEWIDTH( 130) 


This program will provide 3 PWM outputs on HSO pins 0-2 
The input parameters passed to the program are: 


HSO_ON_N HSO on time for pin N 
HSO_OFF_N HSO off time for pin N 


= 
zs 
% 
4 
® 


Times are in timeri cycles 
i N takes values from O to 3 


dee em ace @ es tw eo aw es SP Se et ee 64 ee. Se et Dk oe lee Viet 6 wees. 2 ee Ce bee Pe eee (eh oe eam sare ee: ars er ana Ae! a 


i NOTE: Use this file to replace the declaration section of 

i the HSO PWM program from “SINCLUDE(DEMO96. INC)" through 

i the line prior to the label “wait”. Also change the last 
i branch in the program to a "RET". 


RSEG 
D_STAT: DSB 1 
extrn HSO_ON_O :word . HSO_OFF_O : word 
extrn HSO_ON_1 : word . HSO_OFF_1 : word 
extrn HSO_TIME :word . HSO_COMMAND : byte 
extrn TIMER1 $<:word ., I0S0 : byte 
extrn SP > word 
public OLD_STAT 
OLD_STAT: dsb 1 
NEW_STAT: dsb 1 

cseg 
PUBLIC wait 

wait: JBS Ioso. & wait i Loop until HSO holding register 


NOP i is empty 


i For opperation with interrupts ‘store_stat: ’ would be the 


i entry point of the routine. 
i Note that a DI or PUSHF might have to be added. 
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0004 45 store_stat: 
0004 510F0002 E 46 ANDB NEW _STAT, I10S0, #0OFH i Store new status of HSO 
000s 980201 R 47 CMPB OLD_STAT, NEW_STAT ‘ 
OOCOB DFF3 48 JE wait : = 
OOOD 740201 R 49 XORB OLD_STAT, NEW_STAT 
. 90 
91 
0010 S2 check _O.: 
0010 300113 R 53 JBC. QLD_STAT, O. check_1 » Jump if OLD _STAT(O)=NEW_STAT(O) 
0013 380209 R 54 JES NEW_STAT, O. set_off_O 
55 " 
0016 96 set_on_O: 
0016 B13000 E re 4 LDB HSO_COMMAND, #00110000B + Set HSO for timerl, set pin O 
0019 44000000 E 58 ADD HSO_TIME, TIMER1, HSO_OFF_O i Time to set pin = Timerl value 
001D 2007 7 BR check 1 i + Time for pin to be low 
60 
OO1F 61 set_off_O: 
OO1F B11000 Ee 62 LDB HSO_COMMAND, #00010000B i Set HSO for timeri., clear pin O Z 
0022 44000000 EE. 63 ADD HSO_TIME, TIMER1, HSO_ON_O i; Time to clear pin = Timerl, value 
64 . i + Time for pin to be high 
0026 65 check _1: 
0026 310113 R 46 JBC OLD_STAT, 1, check_done + Jump if OLD_STAT(1)=NEW_STAT(1) 
0029 390209 R &7 JBS NEW_STAT., 1. set_off_1i 
468 
002C 69 set_on_l1: 
0o02Cc B13100 E 70 LDB HSO_COMMAND., #00110001B + Set HSO for timerl., set pin 1 
O02F 44000000 S 71 ADD HSO_TIME, TIMER1, HSO_OFF_1 i Time to set pin = Timeri1 value 
0033 2007 72 BR check done ‘ 
73 . 
0035 74 + §#set_off_!: : 
0035 B11100 E 75 LDB HSO_COMMAND., #00010001B i Set HSO for timeri, clear pin 1 
0038 44000000. E 76 ADD HSO_TIME, TIMER1. HSO_ON_1 ; Time to clear pin = Timeri1 value 
TF ; , i + Time for pin to be high 
003C 78 check _done: a 
0O3Cc BOO0201 R 79 LDB OLD_STAT, NEW_STAT i Store current status and 
80 . Biri i wait for interrupt flag 
81 
OO3F FO ae ~ RET ; 
83 use "BR wait" if this routine is used with the driver 
84 
0040 — . 85 END 


ASSEMBLY COMPLETED, NO ERROR(S) FOUND. 
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SERIES-IITI MCS-96 MACRO ASSEMBLER, V1 O 


SOURCE FILE F3 SP A996 
OBVECT FILE. F3 SP OBJ 


CONTROLS SPECIFIED IN INVOCATION COMMAND. NOSB ~ 


ERR LOC OBJECT 


0028 
9028 

0029 P 
002A ifs 

002B 

o002c 

200C 

-200C 9C¢20 

2080 

2080 A1000118 


2084 B12016 


0027 
0080 
0026 


2087 B1i260E 
208A B1800E 


SOURCE STAT 


$TITLE( ‘SP. AGG: 


$ INCLUDE (DEMO96. 
$nolist i Turn 
i End 
rseg at 28H 
CHR: 
SPTEMP: 
TEMPO: 
TEMP 1: 
RCV_FLAG 
cseg at 200CH 
DCW 
cseg at 2080H 
LD 
LDB 
baud_val 
BAUD_HIGH 
BAUD_LOW 
LDB 
LDB 


EMENT 
SERIAL PORT DEMO PROGRAM’ ) 


INC) 
listing off for include file 
of include file 


dsb 
dsb 
dsb 
dsb. 


are = 


ser_port_int 


SP, #100H 
10C1, #00100000B ; Set P2.0 to TXD 


i Baud rate = input frequency / (64#baud val) 


i baud_val = (input frequency/6é4) / baud rate 

equ 39 ; 39 = (12,000, 000/64)/4800 baud 
equ ((baud_val-1)/256) OR 8OH i Set MSB to 1 
equ (baud_val-1) MOD 256 


BAUD_REG, #BAUD_LOW 
BAUD_REG, #BAUD_HIGH 
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208D B14911 86 LDB SPCON., #01001001B + Enable receiver. Mode 1 
87 . 
88 i The serial port is now initialized 
89 
90 
2090 C42807 91 STB SBUF, CHR i Clear serial Port 
2093 B1202A 92 LDB TEMPO, #00100000B i Set Ti-temp 
93 
2096 B14008 94 LDB INT_MASK, #01000000B i Enable Serial Port Interrupt 
2099 FB 95 | 
209A 27FE 9& loop: BR loop i Wait for serial port interrupt 
a7 
98 
209C 99 ser _port_aint: 
209C F2 100 PUSHF 
209D 101 Td again: » This section of code can be replaced 
209D BO1129 102 LDB SPTEMP, SPSTAT i with “ORB TEMPO. SP_STAT"” when the 
20A0 90292A 103 ORB TEMPO, - SPIE + serial port TI and RI bugs are fixed 
20A3 716029 104 ANDB SP TEMP, #01 100000B 
20A6 D7FS 105 JNE Td again >» Repeat until TI and RI are properly cleared 
106 
20A8 107 get_byte: 
20A8 362A09 108 JBC TEMPO. 6. put_byte i If RI-temp is not set 
20AB C42807 109 STB SBUF, CHR i Store byte 
2OAE 71BF2A ~ 110 ANDB TEMPO, #10111111B i CLR RI-temp 
20B1 BiFF2C | LDB RCV_FLAG. #OFFH i Set bit-received flag 
112 
20B4 113 put_byte: 
20B4 302C18 114 JBC RCV_FLAG. O, continue i If receive flag is cleared 
20B7 352A15 115 JBC TEMPO, 5S. continue i If TI was not set 
20BA BO2807 116 LDB SBUF, CHR i Send byte 
20BD 71DF2A 117 ANDB TEMPO, #11011111B + CLR TI-temp 
118 
20CO 717F28 119 ANDB CHR, #01111111B i This section of code appends 
20C3 9790D28 120 CMPB CHR. #ODH i an LF after a CR is sent 
20C6& D705 121 JNE clr_rcv 
20C8 B10A28 122 LDB CHR, #OAH 
20CB 2002 123 BR continue 
124 
20CD 125 clr_rcv: 
20CD 112C 126 CLRB RCV_FLAG i Clear bit-received flag. 
127 
20CF 128 continue: 
20CF F3 129 POPF 
20D0 FO 130 RET 
131 
20D1i 132 END 


ASSEMBLY COMPLETED, NO ERROR(S) FOUND. 
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SERIES-III MCS-96 MACRO ASSEMBLER, V1 0 


SOURCE FILE: :F3: ATOD. A96 
‘OBJECT FILE: :F3: ATOD. OBJ i 
CONTROLS SPECIFIED IN INVOCATION COMMAND: NOSB 


ERR LOC OBJECT LINE SOURCE STATEMENT 
1 S$TITLE(’ATOD. A946: SCANNING THE A TO D CHANNELS”) - 
2 : 
3 $ INCLUDE (DEMO96. INC) 
=1 4 $nolist i Turn listing off for include file 
-=1 S52 i End of include file 
; : 33 - 
0028 = RSEG at 28H 
55 . 
0020 96 BL EQU BX: BYTE 
OO1E 57 ~ DL EQU DX: BYTE 
58 . 
0028 39 RESULT_TABLE: 
0628 60 RESULT_1:. dsw 1 
002A 61 RESULT_2: dsw 1 
002C 62 RESULT_3: dsw 1 
OO2E 63 RESULT_4: dsw 1 
64 
65 , 
2080 — 66 cseg at 2080H 
’ 6&7 
48 
2080 A1000118 69 start: LD SP, #100H i Set Stack Pointer 
2084 0120 ' 70 CLR BX 
rs | 
2086 55082002 72 next: ADDB AD_COMMAND., BL, #1000B i Start conversion on channel 
73 + indicated by BL register 
74 5 , 
208A FD 3 ae NOP i Wait for conversion to start 
208B FD 7& NOP 
208C 3B02FD 77 check: JBS AD_RESULT_LO. 3, check i Wait while A to D is busy. 
78 v* 
208F BOO2I1C 79 LDB - AL. AD_RESULT_LO~. _3 Load low order result 
2092 BOO31D 80 LDB AH, AD_RESULT_HI is Load high order result 
81 
2095 S420201E , 82 _ ADDB Di» . Bl. BL i DL=BL#*2 
2699 ACIEIE 83 LDBZE DX, DL ; 
209C C31E281C 84 ST AX, RESULT_TABLECDX] i Store result indexed by BL*2 
85 . oe ; 
20A0 1720 86 _ INCB BL i Increment BL modulo 4 
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ANDB 


20A2 710320 


next 


20A5 27DF 


s 


20A7 


END 


ASSEMBLY COMPLETED, 


NO ERROR(S) FOUND. 
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A.8. A to D Converter (Continued) 
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SERIES-III MCS-96 MACKO ASSEMBLER, V1.0 

SOURCE FILE: :F3: A2DHSO. A96 

OBJECT FILE: :F3: A2DHSO. OBU 

CONTROLS SPECIFIED IN INVOCATION COMMAND: NOSB 


ERR LOC OBJECT ~ LINE SOURCE STATEMENT 
1 STITLE ( “A2DHSO. A946: GENERATING PWM OUTPUTS FROM A TO D INPUTS’) 


This program will provide 3 PWM outputs on HSO pins 0-2 
and ane on the PWM. 


The PWM values are determined by the input to the A/D converter. 


POE PP BS OP OFF EPPO BP 2°80 CR FE OE EPS Ae CORP BP FL ae APKC SC CRIP SLAP? es 


SINCLUDE (DEMO96. INC) ; 
S$nolist i Turn listing off for include file 
i End of include file 
RSEG AT 28H 
DL DX: BYTE 


ON_TIME: 


1 
i 
1 
1 


Channel being converted 


i be et et et pt tt 


LAST_LOAD: 
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A1000118 
O11C 
O051C 
D7FC 


1144 


A1800028 
A1000148 
A140002A 
A180002C 
A1COOO02E 


4500010A38 


B13606 
A03804 
FD 
FD 
B12206 
643604 


91074A 
B10A08 
B10A09 
FB 


91010F 
65010040 
A40042 
71FEOF 
arr 


cseg 


SEVECT 
cseg 
start: 


wait: 


loop: 


SEJECT 


AT 2000H 


DCW start Timer_ovf_int 

DCW Atod done_int 

DCW start HSI_data_int 

DCW HSO_exec_int 

AT 2080H 

LD SP, #100H i Set Stack Pointer 

CLR — AX 

DEC AX i wait approx. O.2 seconds for 

JNE wait i SBE to finish communications 

CLRB AD_NUM 

LD PWM_TIME_1., #O80H 

LD HSO_PER, #100H 

LD HSO_ON_O., #040H 

LD HSO_ON_1, #0O80H 

LD HSO_ON_2, #OCOH 

ADD NXT_ON_T, Timeri, #100H 

L_DB HSO_COMMAND., #00110110B i Set HSO for timeri, set pin O,1 
LD HSO_TIME, NXT_ON_T i with interrupt 

NOP 

NOP : 
LDB HSO_COMMAND, #00100010B — i Set HSO for timeri, set pin 2 
ADD HSO_TIME, NXT_ON_T s without interrupt 

ORB LAST_LOAD, #00000111B i Last loaded value was set all pins 
LDB INT_MASK, #00001010B i Enable HSO and A/D interrupts 
LDB -INT_PENDING, #00001010B ; Fake an A/D and HSO interrupt 
Et 

ORB Porti, #00000001B i; set P1.0 

ADD COUNT, #01 

ADDC COUNT+2, zero 

ANDB  ‘ Porti, #11111110B i Clear P1.0 

BR 


loop 


270061 -88 


66h-Le 


132 


1393 ed Pk ck kh FLED eR RD ty CAEN, TO ER a Bed B47 FRE COE Te GO Bl Opts ola eS ge SPE AD BO eS Do dad Fb a + a gh oe 
134 ef 2 oe Ore 8 hue PS HSO EXECUTED INTERRUPT PK OPTED oes heise dhnes ves 
135 PB EEE OPE Oe 2 et EE TORS OTT AOE HS TAT CRS 1b FEE HST Mk Es, 18 8 TP 8 eke Fe OS DUS Oe 6. Fee e 
136 . 
20CC 137 HSO_exec_int: 
20CC F2 138 PUSHF 
20CD 91020F 139 ORB Porti, #00000010B :* Set ph.t 
140 a 
20D0 48380A46 141 SUB TMP, TIMER1, NXT_ON_T 
20D4 8800446 ’ 142 CMP TMP. ZERO 
20D7 DE19 143 JLT set_off_times 
144 
20D9 ’ 145 set_on_times: 
20D9 644838 146 ADD NXT_ON_T. HSO_PER 
20DC B13606 147 LDB HSO_COMMAND, #00110110B i Set HSO for timeri. set pin O,1 
20DF AOQ3804 148 LD HSO_TIME, NXT_ON_T 
20E2 FD 149 NOP 
20E3 ‘FD: - . > 259 NOP 
20E4 B12206 151 LDB HSO_COMMAND, #00100010B s Set HSO for timeri, set pin 2 
20E7 A0QB04 . 152 LD HSO_TIME, NXT_ON_T 
153 , 
2ZOEA 91074A 154 ORB LAST_LOAD, #00000111B i Last loaded value was all ones 
, 1355 . 
20ED B02817 156 LDB PWM_CONTROL. PWM_TIME_1 i Now is as good a time as any 
; . 157 i to update the PWM reg 
20FO 2026 ; 158 BR check_done 
159 
160 
20F2 161 set_off_times: 
20F2 304A23 162 JBC LAST_LOAD, O. check_done 
163 
20F5 442A383A 164 ADD NXT_OFF_O. NXT_ON_T, HSO_ON_O 
20F9 B11006 165 LDB HSO_COMMAND, #00010000B s Set HSO for timeri, clear pin O 
20FC AO3A04 164 LD HSO_TIME. NXT_OFF_O 
167 ‘ 
20FF FD 168 NOP 
2100 442C383C 149 ADD NXT_OFF_1, NXT_ON_T, HSO_ON_1 
2104 B11106 170 LDB HSO_COMMAND, #00010001B + Set HSO for timeri, clear pin 1 
2107 A03CO4 171 LD HSO_TIME, NXT_OFF_1 
172 
210A FD 173 NOP 
210B 442E383E eZ any ADD NXT_OFF_2, NXT_ON_T. HSO_ON_2 
210F B11206 173 LDB HSO_COMMAND., #00010010B i Set HSO for timeril., clear pin 2 
2112 AOGEO4 176 LD HSO_TIME, NXT_OFF_2 
177 
2115 71F84A 178 ANDB LAST_LOAD. #11111000B i Last loaded value was all Os 
iv? 
2118 180 check_done: "y 


2118 71FDOF : 181 ANDB Porti, #11111101B + Cigar Pio 
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211B F3 182 POPF 


211C FO 183 RET 
184 
185 SEJECT 
186 : ; 
187 G56 FS FE TE BSee C.D ESS BSE PD ED DEE CED PESS PEPSI FH STITT DARA FSEPT ESS GETOS ES 
188 Perv reeeeray ce, A TO D COMPLETE INTERRUPT SERTERGRELI PALACES 
189 OP Re DARE 8 CEES PES aT ER AEs 8 RTE Te 8 TS Fe KD Blk te 88 aS TATED 58 RA FH dd OOS 28 
190 
211D 194 ATOD_done_int: 
211D Fe 192 PUSHF 
211E 91040F 193 ORB Porti, #00000100B i Set P1.2 
194 
2121 51c0021C 195 ANDB AL, AD_RESULT_LO. #11000000B i Load low order result 
2125 BOO31D 196 LDB AH, AD_RESULT_HI i Load high order result 
2128 5444441E 197 ADDB DL. AD_NUM. AD_NUM + DL= AD_NUM #2 
212C ACIEIE 198 LDBZE DX. DL 
212F C31E301C 199 ST AX, RESULT_TABLECDX]) i Store result indexed by DX 
200 
2133 99401C 201 CMPB AL, #01000000B 
2136 Di07 202 JNH no_tnd + Round up if needed 
2138 99FF1D 203 CMPB AH, #OFFH is Don’t increment if AH=OFFH 
213B DFO2 204 JE no_rnd 
213D 171D 205. INCB AH 
' 206 
213F BO1IDIC 207 no_rnd: ULDB AL, AH i Align byte and change to word 
2142 111D 208 CLRB AH ’ 
2144 C31E281C 209 ST AX, ON_TIMECDX] “ 
210 
2148 1744 211 INCB AD_NUM 
214A 710344 212 ANDB AD_NUM. #03H + Keep AD_NUM between O and 3 
; 213 
214D 55084402 214 next: ADDB AD_COMMAND, AD_NUM., #1000B i Start conversion an channel 
215 i indicated by AD_NUM register 
2151 71FBOF 216 ANDB Porti, #11111011B i Clear P1.2 
2154 F3 217 POPF 
2155 FO 218 RET 
219 
220 


2156 jaan END 


ASSEMBLY COMPLETED, NO ERROR(S) FOUND. 
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SERIES-III MCS-96 MACRO ASSEMBLER, 


SOURCE FILE: 
OBJECT FILE: 


> F3: SWPORT. A96 
:F3: SWPORT. OBJ 


V1 6 


CONTROLS SPECIFIED IN INVOCATION COMMAND: NOSB 


ERR LOC OBJECT 


LINE 


~ 


SOURCE STATEMENT 
S$TITLE( “SWPORT. A96 SOFTWARE IMPLEMENTED ASYNCHRONOUS SERIAL PORT’) 
i This module provides a software implemented asynchronous serial port 
i for the 8096. HSO.5 is used for transmit data. HSI.2 is used for 


+ receive data. Note: the choice of HSO.5 and HSI.2 is arbitrary). 


S$ INCLUDE (DEMO96. INC) 
$nolist i Turn listing off for include file 
_  ¢ €nd of include file 


VARIABLES NEEDED BY THE SOFTWARE SERIAL PORT 


i 
rseg 
iosl_save: dsb Used to save contents of iosi 
rceve_state: dsb 

rxerdy equ 
rxoverrun equ 
rip equ 
rcve_buf: dsb 
rcve_reg: dsb 
sample_time: dsw 


indicates receive done 

indicates receive overflow 

receive in progress flag 

used to double buffer receive data 
used to deserialize receive 
records last receive sample time 


ee et Bf) ee 


serial_out: dsw 1 Holds the output character+framing (start and 
stop bits) for transmit process. 

Holds the period of one bit in units 
of T1 ticks. 

Transition time of last Txd bit that was 
sent to the CAM 


for test only 


baud_count: dsw 
txd_time: dsw 1 


char: dsb i 
i COMMANDS ISSUED TO THE HSO UNIT 
? GT 
mark command equ 0110101b s timerl, set, interrupt on 5 
space command equ 0010101b + timeril,clir,interrupt on 5 
sample_command equ 0011000b i software timer O 
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e had 


c0e-le 


2080 


2080 


2080 
2081 
2085 
2088 
208B 
208E 


208F 


FA 


A1F00018 © 


c9c012 
EFOOOO 
Bi6CO08 
FB 


0o0o0D 


B1ODOC 


ACOCIC 
csic 
EF3000 


990D0C 
D706 
011C 


O71C 
D7FC 


170C 


EF 4400 
9B001C 
DFE3 
EF4coo 
BO1CcOCc 
27DB 


cseg at 2080h 


reset_loc: 


+ The 8096 starts executing here on reset, the program will initialize the 
i the software serial port and run a simple test to excercize it 


‘ 


testi: 


sp, #OfFOh 

#46800 

setup serial port 

int_mask, #01101100b i serial, swt.hso,hsi 


i A simple test of the serial port routines. 


cR 
ldb 
testilloop: 


ldbze 


push 
call 


cmpb 
bne 
clr 
pause: 
inc 
bne 
nopause: 


testa: 


S$eyect 


serial output. 
“jumps" to the character receved and proceeds from there. 


While no characters are received an incrementing pattern is sent to the 


When a character is received the incrementing pattern 


equ ODH i; Carriage return 
char, #CR , 
ax, char 
ax 
char_out 
char, #CR i Pause on Carriage return 
nopause 

ax 


ax 
pause 


char 


csts , i char ready? 
al,0O ; 
testiloop i 
char_in 
char,al 

testlloop 


loop if not 
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0000 133 cseg 
134 ; 
0000 135 setup_serial port. 1 
136 i Called on system reset to intiate the software serial port. 
137 i 
0000 CC22 138 pop ta * _i the return address 
e002 CC20 1239 pop bx » the baud rate (in decimal) 
0004 A1O7O01E 140 ld dx, #0007h » dx: ax: =500, 000 (assumes 12 Mhz crystal) 
0008 A120A11C 141 ld ax, #OA120h 
OO0OC BC201C 142 divu ax, bx i Calculate the baud count (500, 0OOO/baudrate) 
OOOF COOBI1C R 143 ~rt® ax, baud count 
0012 CO0600 R 144 st O, serial out + Clear serial out 
0015 B16016 45. ldb ioci., #01100000b ; Enable HSO.5 and Txd 
0018 3E15FD 146 bbs. iosO, 6, $ + Wait for room in the HSO CAM 
147 i and issue a MARK command. 
OO1B 44140A0A R 148 add txd_ time, timeri, 20 
OO1F B13506 149 ldb hso_command. #mark_command 
0022 AQOA04 R 150 1d hso_time, txd_ time 
0025 1102 R 151 clirb reve_buf i Clear out the receive variables 
0027 1103 R 152 cirb Tcve_reg 
0029 1101 R 153 clrb Tcve_state 
OO02B EF 4800 154 call init_receive + setup to detect a start bit 
OO2ZE E322 : 155 oy... Cex] ; + Teturn 
156 S$eyjyect 
ay 3 - 
0030 158 char_out: 
159 i Output character to the software serial port 
160 i ; 
0030 CC22 161 pop cx » the return address 
0032 CC20 162 pop bx i the character for output 
0034 B10121 163 ldb (bx+1), #01h + add the start and stop bits 
0037 642020 144 add bx, bx ‘ to the char and leave as 16 bit 
OO3A 165 wait _for_xmit: , 
003A 880006 R ' 166 cmp serial_out,.0O + wait for serial _out=O0 (it will be cleared by 
O0O3D D7FB 167 bne wait _for_xmit i the hso interrupt process) 
CO3SF C00620 R 168 st bx, serial_out + put the formatted character in serial out 
0042 E322 169 br CcxJ s return to caller 
170 i 
0044 171 csts: | 
172 i Returns “true” (ax<d>0O) if char_in has a character. 
173 i 
0044 O11C 174 clr ax 
0046 300102 R 175 bbc Tceve_state,O,csts_ exit 
0049 O71C 174 inc ax 
004B 177 csts_exit: 
OO4B FO 178 ret 
179 i 
004C 180 char_in: 
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004C 
OO4F 
0050 
0053 
0056 
0057 


0058 


2006 
2006 


0058 
0058 
0059 
O0O0SC 
OOSF 
0061 
0064 
0066 
0046 
0069 
006C 
OO6E 
OO6E 
0071 


0074 
0074 
0075 


0076 


0076 
0079 
007C 
007C 
OO7F 
0082 
0085 


3001FD 
F2 
71FEO1 
ACO2iC 
F3 
FO 


5800 


Fe 
64080A 
880006 
DFOD 
080106 
DBO8 


B11506 
AOOA04 
2006 


B13506 
A00CA04 


F3 
FO 


B10015 
B12003 


901600 
37000B 
BOO61C 
AO0O041C 


181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
157 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
el2 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 


i Get a character from the software serial port 


é 


bbc 

pushf 

andb 

ldbze 

popf 

ret 
S$eyject 


hso_isr: 


i wait for character ready 
rcve_state,0O, char_in 

is set up a critical region 
rceve_state, #not(rxrdy) 
al, rcve_buf 

+ leave the critical region 


+ Fields the hso interrupts and performs the serialization of the data. 


+ Note: this routine would be incorporated into the hso service strategy 
F for an actual system. 
cseg at 2006h 
dcw hso_isr i Set up vector 
cseg 
pushf 
add txd_ time, baud count 
cmp serial _out.0O i if character is done send a mark 
be send_mark 
shr serial out, #1 i else send bit O of serial_out and shift 
bc send mark i serial _out left one place. 
send _ space: 
ldb hso_command, #space_command 
ld hso_time, txd_ time 
br hso_isr_exit 
send_mark: 
ldb hso_command, #mark_ command 
ld hso_time, txd_time 
hso_isr_exit: 
popf 
ret 


S$e;ject 


init_receive: 


+ Called to prepare the serial input process to find the leading edge of 


j' a stare, 57. 


ldb 
ldb 
flush_fifo: 
orb 
bbc 
ldb 
ld 


iocO, #00000000b ; 
hsi_mode, #00100000b P 


disconnect change detector 
negative edges on HSI. 2 


iosl_save, iosl 
ios!_save.,7,flush_fifo_done 
al,hsi_status 


ax,hsi_time i trash the fifo entry 
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a 
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oo 


cs 
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= 
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S0e-l¢e 


0088 
OO8B 
oosD 
oosD 
0090 


0091 


717F00 
27EF 


B11015 
FO 


9100 


F2 
cBeiCc 
BOO6IC 
A00404 
341C15 
3F1SFD 
A008 1C 
O8O011C 
641C04 
B11806 
Cc00404 
B1i0015 


ccic 
F393 
FO 


B600 


F2 
901600 
71FEOO 
51FC0100 
D70C 


AAD 


andb iosl_save, #not(8Oh) s clear bit 7. 

br flush_fifo 
flush_fifo_done: 

ldb iocO, #00010000b i connect HSI.2 to detector 


ret 


hsi_isr: 

+ Fields interrupts from the HSI unit, used to detect the leading edge 

of the START bit : 

Note: this routine would be incorporated into the HSI strategy of an actual 
system. 


é 
‘ 
j 
é 


cseg at 2004h 


dcw hsi_isr i setup the interrupt vector 
. ¢seg 
pushf 
push ax 
ldb al, hsi_status a 
ld sample_time,hsi_time 
bbc al,4,exit_hsi. 
bbs iosO. 7.$% is wait for room in HSO holding reg 
ld _ ax, baud _count | aos + send out sample command in 1/2 
shr ax, #1 i bit time 
add sample_time. ax 
ldb hso_command. #sample_command 
st sample_time,hso_time 
ldb iocO, #0O0000000b is disconnect hsi.2 from change detector 
exit_hsi: j 
pop ax 
popf 
ret 


$eject 

software_timer_isr. 

i Fields the software timer interrupt. used to deserialize the incomming data. 
i Note: this routine would be incorporated into the software timer stategy 

i in an actual system. 3 


cseg at 200ah 


dcw software _timer_isr + setup vector 

cseg 

pushf 

orb iosl_save, ios! 

andb iosl_save, #not(Olh) i Clear bit O 

andb O.rcve_state, #0fCch | i All bits except rxrdy and overrun=0 
bne process data 
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00Cc3 
00c3 
O0OC& 
-00c8s 
OOCA 
OOCA 
OOocD 


OOCF 
OOCF 
ooD2 
OODS 
OoD8s 
OODB 
OODB 
OODE 


OCEO 
OOEO 
O0E3 
OOES6 
OOE? 
OOEC 
OOEE 


OOFO 
OOFO 
OOF3 
OOF6 
OOF? 


OOFC 
OOFC 
OOFD 
OOFE 


ASSEMBLY 


350604 
2F AE 
2032 


910401 
2021 


3F010E 
180103 
350603 
918003 


751001 
2010 


3506FD 
B00302 
910101 
710301 
2Fe8 
200¢ 


SF 15FD 
B11806 
640804 
C00404 


F3 
FO 


COMPLETED, 


a BD BDA 


Aaa” 


process _start_bit: 


bbc 
call 
br 
start_ok: 
orb 
br 


process _data: 
bbs 
shrb 
bbc 
orb 

datazero: 
addb 
br 


check _stopbit: 
bbc 


schedule _ sample: 
bbs 
ldb 
add 
st 


hsi_status, 5, start_ok 

init_receive 

software _timer_exit 

Tceve_state,#rip i set receive in progress flag 
schedule_sample 


rceve_ state, 7,check stopbit 

Tcve_reg, #1 

hsi_status. 5, datazero 

Tcve_reg, #80h i set the new data bit 


Tceve_state,#10h i increment bit count 
schedule_sample 


hsi_status,5.% i DEBUG ONLY 

rceve_buf,rcve_reg 

Tceve_state, #rxrdy 

reve_state,¢03h i; Clear all but ready and overrun bits 
init_receive 

software _timer_exit 


iosO.,7.,$% i wait for holding reg empty 
hso_command, #sample_ command 
sample_time, baud _ count 

sample _time,hso_ time 


software _timer_exit: 


popf 
Tet 


end 


NO ERROR(S? FOUND. 
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SERIES-III MCS-96 MACRO ASSEMBLER, V1.0 


SOURCE FILE: :F3:MOTCON. A96 
OBJECT FILE: :F3:MOTCON. OBJ 


CONTROLS SPECIFIED IN INVOCATION COMMAND: NOSB 


ERR LOC OBVECT 


. SOURCE STATEMENT 
STITLE (‘’MOTCON. A96: Motor Control Example Program’ ) 


i USE WITH C-STEP or later parts 


$ INCLUDE (DEMO96. 


December 20: 1984 


INC) 


$nolist ; Turn listing off for include file 


i End 
oe ee oS ee ey 
min_hsil_t 


min _hsi_t 


max _ hsil_t 


HSOO_dly_period 


swtil_dly_ period 
swt2_dly_period 
max power 
max _ brake 
maximum_hold 
brake _pnt 
position_pnt 
velocity _pnt 


RSEG at O24H 


tmp: 
timer _2: 


of include file 
Initial Values 
equ 30 i min period for PHA edges in model before mode2 


equ 2*#min_hsil_t 
i min period for PHA edges in modeO before model 


equ S#min_hsil_t + min_hsil_t/2 
. i max period for PHA edges in model before modeO 


delay for HSO timer O (timed count of pulses) 
min period for 5 T2 clocks before mode 1 


delay for software timer 1 
delay for software timer 2 
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002Cc 86 tmr2_old: dsl 1 
0030 87 position: dsl 1 
0034 ; 88 des_pos: ds! 1 
0038 89 pos_err: dsl 1 
003C 90 delta _p- dsl 1 
0040 ad | time: dsl 1 
0044 92 des_time: dsl 1 
0048 93 time_err: dsl 1 
94 
95 SE JECT 
. 96 
004C . 97 last _time err dsw 1 
OO4E 98 last_pos_err: dsw 1 
0050 99 pos_delta: dsw 1 
0052 100 time_delta: dsw 1 
0054 101 last _pos: dsw 1 a 
0056 102 lastil_time: dsw 1 
0058 103 last2_time: dsw 1 
OOSA 104 boost: dsw tl 
OOSC > LOS tmp1: dsw 1 
OGSE : 106 out ptr: dsw 1 
0060 107 offset: dsw 1 
0062 108 nxt_pos: dsw 1 
0064 109 Tpwr: dsw 1 
ms) 0066 110 old_t2: dsw 1 
rh 111 
S 0068 112 direct: . dsb 1 i 1=forward, O=reverse 
© 0069 113 pwm_dir: dsb 1 ; 
OO06A 114 hsi_soO: dsb 1 
006B ee) last_stat: dsb 1 
OO6C 116 pwm_pwr: dsb 1 - 
006D Tit. ios1_bak: dsb 1 
OG6E 118 . TR_COL: DSB 1 + COLLECT TRACE IF TR_COl=00 
OO6F 119 main_dly: dsb 1 
. 120 ’ ; 
0070 2 on eee max pwr: dsw 1 
0072 122 max_brk: dsw 1 
0074 123 max_hold: | dsw 1 
00676 124 vel_pnt: dsw 1 
0078 , 125 brk_ pnt: dsw 1 
OO7A 126 pos_pnt: dsw 1 
067C ig? HSOO_dly: dsw 1 - 
OO7E 128 swtl_dly: dsw il 
0080 129 swt2_dly: dsw 1 
0082 ~ 130 min_hsi: — dsw 1 
0084 131 min_hsil: dsw 1 
0086 aie max_hsil: dsw 1 
133 7 
134 
0100 135 dseg at 100H 
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0100 
0102 
0104 


0022. 
1020 
0424 
8022 
1020 
2022 
1020 
1020 


A1FOOO18 
BIFF17 


1166 , 
A170175C 
O55C 
EOé6SFD 
88005C 
D2Fé 


BiFFOF 
B1iFF10 


mode _ view: 
count_out: 
err_view: 


Seyect 


F PIN® 


N 
wn 


cseg at 
dcw 
dcw 
dcw 
dcw 
dcw 
dcw 
dcw 
dcw 


atod done_int: 
hsi_O_int: 
ser_port_int: 
external _ int: 
cseg at 


init: ld 


delay: dec 


dsb 1 

dsw 1 

dsw 1 

PORT FLAG USAGE 

P1.0 modeO O model 1 .mode2 1 or O 

ab ae | O oO 1 1 
P1.2 software timer 2 routine enter/leave 
P1.3 Main program toggle 

P1.4 HSI overflow toggle 

P1.3 software timer O routine enter/leave 
PTr.& hsi_int enter/leave 

P1.7 software timer 1 routine enter/leave 
P2.6 Input direction (O=reverse, 1=forward) 
P2.-7 direction O=rev. 1=fwd 
~ 2000H 


timer_ovf_int 
atod_ done_int 
hsi_data_int 
hso_exec_int 
hsi_O_int 
soft _tmr_int 
ser_port_int 
external _ int 


2060H 


sp. #OFOH 
pwm_control, #OFFH 


direct 


tmp 1, #6000 is wait about 3 seconds for 


tmp 1 i to come to a stop 


direct,$ i wait O.512 milliseconds 


tmp1, zero 
delay 


porti, #OFFH 
port2, #Of FH 


motor 


270061 -99 


Ole-le 


209D B125146 186 ldb TOC1, #00100101B i; Disable HSO 4.HSO. 5, HSI _INT=first, he = 
197 : ) Enable PWM, TXD, TIMER1 OVRFLOW_INT ‘inten 
ZOAO 71FCOF 189 andb Porti, #11111100B + Clear P1.0,1 (set mode O) 
20A3 B19903 190 ldb HSI_mode, #10011001B + set hsi.1,3 -i hsi.0O.2 + 
20A6 B15715 191 ldb IOCO, #01010111B i Enable all hsi 
192 + T2 CLOCK=T2CLK, T2RST=T2RST 
193 i Clear timer2 
194 $eyject 
\ 195 
20A9 A00400 196 ld zero,hsi time 
20AC 0140 197 eir time 
2OAE 0142 198 EIr time+2 
20B0O 0128 199 clr timer _2 
20B2 O12A 200 cir timer_2+2 
20B4 0130 201 elt position 
20B6 0132 202 clr position+2 
20B8 0154 203 clr last_pos 
20BA 0134 204 cir des_pos 
20BC 0136 205 cir des_pos+2 
@<OBE 0144 206 clr des_time 
20CO 0146 207 cir des_ time+2 
20C2 ADOASS 208 ld lastl_time., Timeri 
20CS 4900085658 209 sub last2_time, lastl_time, #800H > 
20CA 116D- 210 clrb iosi_bak- 0 
20cc 1109 211 clrb int_pending ND 
20CE AIFOOISE 212 ld out_ptr. #1FOH ax 
20D2 A13C0082 213 ld min_hsi, #min_hsi_t o- 
20D6 A11E0084 214 ld min_hsil, #min_hsii1_t 
20DA A1690086 215 ld max_hsil, #max_hsil_t 
20DE A16E007C 216 ld HSOO_dly. #HSOO_dly_period 
20E2 AIFAOO7E 217 ld swtl_dly, #swt1l_dly period 
20E6 A1FAQOBO 218 ld swt2_dly, #(swt2_ dly period) 
20EA A1FFOO70 219 ld max pwr, #max_ power ‘ 
20EE A1FFOO72 220 ld max_brk, #max_brake oe fea 
20F2 A1800074 221 ld max_ hold, #maximum_hold 
20F& A1B00478 222 ld brk_ pnt, #brake_ pnt 
2OFA A164007A 223 ld pos_pnt. #position_pnt 
20FE A1100076 224 ld vel_pnt, #velocity pnt 
2102 A1002962 225 ld nxt_pos, #pos_table 
2106 BOOOS6C 226 ldb pwm_pwr, zero 
2109 B10169 227 ldb pwm_dir, #O1h i FORWARD 
. 228 
210C B12D08 229 ldb int_mask, #00101101B i Enable tmr_ovf, hsi., swt, HSO, interrupts 
210F B13006 230 ldb hso_command, #30H + set HSO_O 
2112 447COA04 231 add hso_time, timeril,HSOO dly 
2116 FD 232 nop 
2117 FD 233 NOP 
2118 B13906 234 ldb hso_command, #39H is set swt_l 
211B 447E0A04 235 add hso_time, timeri, swt1_dly 


270061-—A0 
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FD 236 nop 4 
FD 237 nop 
B13A06 238 ldo hso_command, #3AH + set swt 2 
44800A04 239 add hso_time, timerl, swt2 dly 
240 
AOGA4O 241 ld time. TIMER! 
A00C2C 242 ld tmr2_old,timer2 
FB 243 el 
244 
E7CEOS 245 br main_prog 
: 246 . 
247 $eyjyect 
248 
249 
290 re eete wah ERIE ce RRS OEE PLLA ERTS TUR ENCUS C rer Leh ETE CLE Tees 
251 repenee TIMER INTERRUPT SERVICE at bie Dated am 
=52 ae wee eee Lae eee ee ee ne oe ee et a ard ee ee Be ee ee ee er ee ee eo eer ae ene ee eee ee 
253 
254 CSEG AT 2200H 
255 
256 timer_ovf_int. 
F2 257 pushf 
258 
90166D 259 orb iosi_bak, IOS1 . 
356D05 260 chk tl: yb iosl_ bak, 5. tmr_int_done 
0742 261 inc timet2 
71DF6D 262 andb 1osl_bak, #11011111B + clear bit 5 
263 tmr_int_done: 
F3 264 popf 
FO 265 ret i End of timer interrupt routine 
266 
267 
268 
iM 2 eee eee ee ee ee ee ee Pee eee eee A eee eee Cee tee ee ee ee ee ee eee ree re se se ee 
270 Eres SOFTWARE TIMER INTERRUPT SERVICE ROUTINE re a 
271 RET ERI ES PTA EAA CLT ESAT ERE CVETEI EEE TEAS RAREST Pat 64 176 R54 FETE 
272 : 
zra CSEG AT 2220H 
274 
275 ; 
276 soft_tmr_int: 
F2 277 pushf . 
90166D 278 orb iosi_bak, IOS1 . 
279 chk_swtO: 
306D03 280 joc iosi_bak,O, chk _swtl 
71FE6D 281 andb iosi_bak, #11111110B > Clear bit O - end swtO 
262 i call swtO_expired 
283 chk swtl: , 
-316D06 284 jbc 10$1_bak,1,chk_ swt2 
71FD6D 285 andb ios1l_bak, #11111101B s Clear bit 1 
270061-A1 
Fs 


clo-bke 


2230 
2233 
2233 
2236 
2239 
223C 
223C 
223F 


2242 
2242 
2243 


EFCDO3 


326D06 
71FB6éD 
EF 4401 


346D03 
71F 76D 


F3 
FO 


F2 
B13006 
447CO0A04 


91200F 
A00C28 
390F 18 


4866265C 
8902005C 
D?94C 


3OOF 49 
71FCOF 
BiSS15 
BOOO6B 
203E 


482C283C 
A0282C 


306808 


call 
chk_swt2: 
joc 
andb 
call 
chk_swt3: 
joc 
andb 
i call 


swt_int_done: 


popf 
ret 


et PeDOD BRS BO 2 FF 


CSEG AT 


hso_exec_int. 


set_modeO: 
joc 
andb 
ldb 
ldb 
br 


in_modea2: 
sub 
ld 


joc 


swtl_expired 


iosi_bak,2, chk_swt3 
iosi_bak, #11111011B s Clear bit 2 
swt2 expired 


iosi1_bak, 4, swt_int_done 
iosi_bak, #11110111B s Clear bit 3 
swt3_expired 


+s END OF SOFTWARE TIMER INTERRUPT ROUTINE > 


SOFTWARE TIMER ROUTINE 0 ’ 
NOW USING HSO.O TO TRIGGER F 


PESO Pee CAFR ee Cee ees st CLS Ee EP EO 2 BOS CO ODS Cpe OF OO 


. oe. - 
- 


\ 


2280H 


i Check mode - Update position in mode 2 


HSO_COMMAND, #30H 
HSO_TIME, TIMER1,HSOO_dly 


porti, #00100000B s set P1.5 
Timer_2, TIMER2 
Porti.,1.,in_mode2 


tmp1,Timer_2,.o0ld_t2 i Check count difference in tmp1 
tmp1, #2 

end swtO 

Port1,0. end_swtO i if already in mode O 

Porti, #11111100B is Clear P1.0. P1.1 (set mode O) 

IOCO, #01010101B i enable all HSI 

last_stat. zero 

end_swt0O 

delta_p.timer_2, tmr2_old i get timer2 count difference 


tmr2_old. timer_2 


direct.0O. in_rev 
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2380 


2380 
2380 
2381 
2384 


2388 
236B 
238F 
23971 


643C30 
A40032 
2006 


683C30 
A80032 


4866285C 
8905005C 
D21C 


7 1F DOF 
91010F 
B10515 
A00400_ > 
48840A56 


A00400 
717F6D 
90166D 
3F6DF4 


A02866 


F2 
B13A06 
44800A04 


91040F 
89FFO75E 
D104 
A1F0015E 


in_fwd: 


in_rev: 


add 
addc 
or 


sub 
subc 


chk mode: 


sub 
cmp 
sgt 


set_model: 


SEVECT 


clr_hsi: 


andb 


position. delta _p 
position+a, zero 
chk_mode 


position. delta_p 
positionta2, zero 


tmpi1. Timer_2,old_t2 is Check count difference in tmp1 
tmp i, #5 s set model if count is too low 
end _swt0O i count <= 5 

Portl, #11111101B i Clear P1.1. set P1.0 (set mode 1) 
Porti1, #00000001B 

IOCO, #00000101B i enable HSI O and 1 


zero. HSI_TIME 
lastil_ time, Timeri.,min_hsil 
+ set up so (time-last2_time)>min_hsil on next HSI 


ZERO. HSI_TIME 


iosi_bak, #01111111B + Clear bit 7 
iosil_bak.,iosi 
ios1_bak, 7.clr_hsi i If hsi is triggered then clear hsi 


old_t2, TIMER_2 
portl, #11011111B i Clear P1.5 


séa ce £ ROR ©. Beane 6. oes § 2S. Bo eS Door 2S Oe geet OD 5 DSB Bs SE Ee We ek a et ats, 2% & &.245es) Ge. fe Sek 145 2 Fee S* « 


“) Oe ee ee ee) 


ee ee ee ye ee ae ee se ee a a ee ee ee ee ee a oe a ae ee ee a ee ee a a ee ee ee ee ee ee ae ee a a a ee ee 


CF OCOP CEC CCHS 28.6 Dd 


CSEG AT 2380H 


swt2 expired: 


pushf 
1db 
add 


orb 
cmp 
bnh 
ld 


hso_command, #3AH s set swt_2 
hso_time, timeri. swt2_ dly 


porti, #00000100B i set port 1.2 
out_ptr. #7ffH 

pulsing 

out_ptr. #1 fOH 
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386 
2395 387 pulsing: 
2395 306E0C 388 joc tr_col,.0O,. swt2_done 
389 
2398 C25F32 390 st positionta, Cout_ptrJ+ i position high, position low 
239B C25F30 391 st position, Cout_ptriJ+ 
392 
239E C2S5Fé68 393 st direct, Cout_ptrJ+ 
23A1 C25F6C 394 st pwm_pwr, Cout_ptrJ+ 
395 
396 i store 8 bytes externally 
397 
23A4 398 swt2_ done: 
23A4 485460A5C 399 sub tmpi. timeri1, lastl_time 
23A8 8900185C 400 cmp tmp 1, #1800H 
23AC D104 401 gnh swt2 ret i keep (Timeri-lastl1_time)<2000H 
402 ° 
23AE 65001056 403 add lastl_time, #1000H 
23B2 404 swt2_ ret: 
23B2 71F BOF 405 andb porti, #11111011B i clear porti.2 
23B5 F3 406 popf 
23B6 FO 407 ret 
408 
409 SEVECT 
410 cece ee we Reece Le Lee Ce ee Ue Pere ee eae eer eee ee ee ee eee. ue eee 
411 eee HSI DATA AVAILABLE INTERRUPT ROUTINE Toeerert yer ee, 
412 RE a eT ae Bl PE Ree PE PLS 2G dee Sed 2 DAS EF HEM PAGEL OLD PALACES HED TDS SD PET DOS Os DS T'S 
413 
414 F This routine keeps track of the current time and position of the motor. 
415 ; The upper word of information is provided by the timer overflow routine. 
416 
2400 417 CSEG AT 2400H ( 
2400 20CE 418 now _mode_1: br in_mode_1 i used to save execution time for 
2402 20C7 419 no_intl: br no_int i worst case loop 
420 
2404 F2 421 hsi_data_int: pushf 
2405 71400F 422 orb porti,#O01000000B i; set P1.6 
2408 717F6D 423 andb iosi_bak, #01111111B i Clear iosli_bak. 7 
240B 90166D 424 orb iosi_bak, iosl 
240E 3746DF1 — 425 joc iosi_bak, 7,.no_intl i If hsi is not triggered then 
426 i yump to no_int 
2411 427 get_values: 
2411 AOOC28 428 ld timer_2, TIMER2 é 
2414 5155066A 429 andb hsi_sO, HSI_STATUS, #01010101B 
2418 A00440 430 ld time, HSI_TIME 
431 
241B 380FE2 432 jos ~ portl, 0, now_mode_1 i gump if in mode 1 P: 
433 
241€ 434 In_mode_0O: 
hsi_s0O.0.,a_rise 


241E 386A0B 435 jos 
’ 270061-A4 
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2421 
2424 
2427 
242A 


242C 
242F 
2432 
2435 
2438 


243A 
243D 
2440 
2440 
2443 
2446 
2449 
244C 
244E 


2450 
2453 
2456 
2459 
245 


245E 
2461 


2464 
2464 
2467 
246A 
246D 
2470 
2472 


2474 
2477 
247A 
247D 
2480 
2482 


2484 
2487 
24BA 
248D 
2490 


BSAGA2C 
3C6A4D 
SE6A5A 
2094 


A0S658 
A04056 
685840 
888240 
D906 


91010F 
B10515 


3E4B5B 
3C6B67 
3A6B50 
98006B 
DF 46 
27B2 


A05658 
A04056 
685840 
886240 
D906 


91010F 
B10515 


3C6B37 
3E6B43 
386B2C 
978006B 
DF 22 
2057 


386B27 
3A6B33 
3SE6B1C 
98006B 
DF 12 
2047 


3A6B17 
386B23 
3C 6BOC 
98006B 
DFO2 


a_rise: 


;set model— 


orb 
ldb 


tst_statr: 


a_fall: 


iset mod 


SEJECT 


jobs 
jobs 
jobs 
cmpb 
je 
br 


el- 
orb 
ldb 


tst_statf: 


b rise: 


b_fall: 


jos 
jbs 
jbs 
cmpb 
ye 
br 


jos 
jos 
jos 
cmpb 
ge 
br 


jbs 
jos 


jos - 


cmpb 
je 


hsi_s0O.2.a_fall 
hsi_sO.4,b_rise 
hsi_sO.6,b_fall 
no_ cnt 


last2_time., lasti_time 
lasti_time, time 

time, last2_ time 

time, min_hsi 
tst_statr 


Portl, #OO000001B 
I0CO, #00000101B 


last_stat,6&,going fwd 
last_stat, 4, going rev 
last_stat,2, change_dir 
last _stat, zero 

first _time 

no_intl 


last2_ time, lasti_time 
lasti_time, time 

time, last2 time 

time, min_hsi 
tst_statf 


Porti1, #00000001B 
I10CO, #00000101B 


last_stat,4, going fwd 
last_stat,6, going rev 
last_stat,0O, change dir 
last stat, zero 
first_time 

no_int 


_last_stat,0O, going fwd 


last_stat,2, going rev 
last_stat,6, change _dir 
last_stat, zero 
first_time 

no_int 


last_stat,2, going fwd 

last_stat,.0O., going rev 

last_stat,4,change dir 
last_stat, zero 

first time 


Set P1.0 (in mode 1) 
Enable HSI O and 1 


first time in modeOQ 


Set P1.0 (in mode 1) 
Enable HSI O and 1 


first time in modeO 


first time in modeO 


first time in modeO 


270061 -A5 
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2492 


2494 
2494 
2497 


2499 
2499 
2498 


249E 
249E 
24Al 
24A4 
24A8 
24AB 
24AD 
24AD 
24B0 
24B3 
24B7 


24BA 
24BA 
24BD 
24BD 
24CO 
24C3 
24C6 
24c9 


24CB 
24ceE 
24CF 


24D0 


24D0 
24D4 
24D6 


24D6 
24D9 


24DC 
24E0 


2037 


C46B5A 
2072 


1268 
30680F 


914010 
B10168 
65010030 
A40032 
200D 


71BF10 
B10068 
69010030 
AB0032 


C46B6A 


A0282C 
717F6D 
90146D 
376D02 
2746 


71 BFOF 
E3 
FO 


S1506A5C 
D7EA 


A05658 
A04056 


4858405C 
88845C 


486 
487 
488 
489 
490 
491 
492 
493 
494 
495 
496 
497 
498 
499 
500 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 
514 
515 
516 
517 
518 
519 
520 
521 
522 
$23 
524 
525 
526 
527 
528 
529 
530 
531 
532 
533 
534 
535 


br 


first time: 
stb 
or 


change_dir: 
notb 
no_inc: ybc 


going fwd: 
orb 
ldb 
add 
addc 
br 

going _rev: 
andb 
ldb 
sub 
subc 


st_stat: 
stb 
load _lasts: 
ld 
no_cnt: andb 
orb 
jbc 
again: or 


no_int: andb 


popf 
ret 


SEVJECT 


In_mode_1: 


_andb 
jne 
cmp_time: 


ld 
ld 


cmp 1: sub 
cmp 


no_int 


hsi_sO, last_stat 
done_chk i add delta position 


direct 
direct.0O, going rev 


PORT2, #01000000B i set P2.6 

direct, #01 i; direction = forward 
position, #01 

positionta2, zero 


st_stat 
PORT2. #10111111B i clear P2.6 
direct, #00 i direction = reverse 


position, #Ol 
positionta2, rero 


hsi_sO. last_stat = 
D 
tmr2_old,timer_2 4 
iosl_bak, #01111111B ; cle 62% 7 eo 
iosi_bak,iosl 
iosi_bak, 7,no_int 
get_values 
porti, #10111111B 5 Clear P1.6 
i .end of hsi_data- interrupt routine 
i Routine for mode 1 follows and then returns to “load lasts” 
i mode 1 HSI routine 
tmp1,hsi_s0O, #01010000B 
no cnt 
i Procedure which sets mode 1 also 
s+ sets times to pass the tests 
last2 time, lasti_time 
lasti_time, time 
tmp1, time, last2_time » aoe teatior 


tmpi.min_hsil 
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Llo-be 


24E3 


24E5 
24E5 
24E8 
24EB 
24EE 
24F 1 
24F4 
24F7 


24F9 
24F9 
24FD 


2500 


2502 
2502 
2505 
2508 


250B 
250B 
250F 
2512 
2512 
2515 
2518 
251A 
251A 
251D 
2520 


2600 
2600 


2600 
2601 


2604 


2607 
260A 


D914 


91020F 
B10015 
A00400 
717F6D 
90166D 
3F6DF4 
2012 


4858405C 
88665C 


D109 


71FCOF 
B15515 
BOOO6B 


482C283C 
306808 


643C30 
A40032 
27A3 


683C30 


A8B0032 
279B 


F2 
91800F 


B10D08 


B13906 
447E0A04 


936 
537 
938 
5939 
540 
541 
3942 
943 
944 
545 
946 
947 
948 
549 
350 
951 
952 
953 
554 
555 
956 
957 
958 
959 
540 
961 
562 
$63 
564 
565 
3966 
3967 
968 
969 
970 
371 
972 
973 
574 
375 
976 
377 
578 
979 
980 
581 
982 
983 
384 
585 


gh 


set_mode 2: 
orb 
ldb 

mt_hsi: ld 
andb 
orb 
jos 
br 


check _max_time: 
sub 
cmp 


gnh 


set_mode_O: 
andb 
ldb 
ldb 


done_chk: 
sub 
joc 
add_ fwd: 
add 
addc 
br 
add rev: 
sub 
subc 
br 


Seyjyect 


CSEG AT 2600H 
swtl_expired: 


pushf 
orb 


ldb 


ldb 
add 


check max _time 


Porti, #00000010B ; 
10CO, #0OO0000000B i 
zero, hsi_time “14% 


iosl_bak, #01111111B 
iosi_bak,iosi 
iosi_bak,7,mt_hsi F 
done_chk 


tmp1, time, last2_ time 


tmpi,.max_hsil i 
done_chk 

Portil, #11111100B i 
IOCcO., #01010101B i 


last_stat, zero 


delta_p,timer_2,tmr2_old 
direct,0.add_rev 


position, delta _p 
position+td., zero 
load_lasts 


position. delta_p 
position+td, zero 


load_lasts 


Set P1.1 (in mode 2) 
Disable all HSI 
empty the hsi fifo 

+ Clear bit 7 


If hsi is triggered thenrclear hsi 


max hsi = addition to min_hsi for 
total time 


clear P1.0,1 set mode O00 
Enable all HSI 


is get timer2 counttdifference 


TRS LAADE AHL Fie eA EHD CED SD DAKE SPD AOL SEC Se EH PES S521 eS 


SOFTWARE TIMER ROUTINE 1 


ASPB DED DO FOE SED ET DSP the 86 Oe 88 eR EOS E9833 TO OT DT OS 


portl, #10000000B i 
int_mask, #00001101B i 


HSO_COMMAND, #39H 
HSO_TIME. TIMER1, swt1_dly 


set portl 7 


enable HSI. Tovf. HSO 


270061 -A7 


(8he-dV 


BlLo-be 


260E 
2611 
2614 
2616 
261B 
261F 


2422 


2623 
2627 


262A 
262E 


2631 
2631 
2634 


2636 
2636 
2638 
263B 
263F 
2641 


2643 
2643 
2646 
2649 


264B 
264E 


2650 
2650 
2653 
2655 


A04h4A 
A0363A 
48404448 
AB424A 
48303438 
AB323A 


FB 


48484C52 
A04B84C 


48384E50 
A0384E 


BB003A 
Dé0D 


0338 
B10069 
B9FFFF3A 
D70A 
200D 


B10169 
88003A 
DFOS | 


BO706C 
2051 


887A38 
D11E 
887838 


. * © = 2 
Se 
we ae 


go_backward: 
neg 
ldb 
cmp 
gne 
or 


go_forward: 
ldb 
cmp 
: je 
SEVECT 


ld_max: ldb 
br 


Chk_brk: 
cmp 
gnh 
cmp 


time_err+2.des_timet2 
pos_err+2, des _post2 ; 
time_err,des_time, time i values are set 
time_errta2, time+2 

pos_err.des_pos, position 

pos_err+2, positiont+2 , 


i Calculate time & position error 


time_delta, last_time_err, time_err 
last_time_err, time_err 


pos_delta, last_pos_err.,pos_err 
last_pos_err.pos_err 


Time_err = Desired time to finish —- current time 
Pos_err = Desired position to finish —- current position 
Pos delta = Last position error - Curent position error 


Time_delta = Last time error - Current time error 
note that errors should get smaller so deltas will be 
positive for forward motion (time is always forward) 


pos_err+d2, zero 
go_forward 


pos_err i Pos_err = ABS VAL (pos_err) 
pwm_dir, #00h | 

pos_err+a2, #OfFFFFH 

1d_max | 

chk_brk 


pwm_dir, #01H 
pos_errta2, zero 
chk_brk 


pwm_pwr,max_puwr 


chk sanity | 


+ Position_Error now = ABS(pos_err) 
pos_err,pos_pnt . ; 
hold position s position_error<position_ control point 
pos_err., brk_pnt 7 
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2658 DOF I 634 gh ld _max i position_error>brake_ point 


. 35 
265A 636 braking: 
265A 880050 637 cmp pos_delta, zero 
265D D&é02 638 jge chk delta 
265F O350 > 639 neg ' pos_delta 
2661 640 chk delta: 
2661 887650 641 cmp pos_delta.vel pnt i velocity = pos_delta/sample_time 
2664 D10D 642. gnh hold _ position i ymp if ABS(velocity) < vel_pnt 
643 
2666 BO726C 644 brake: ldb pwm_pwr,max_brk * 
26469 BO6824 645 ldb tmp. direct i If braking apply power in opposite 
266C 1224 646 notb tmp i direction of current motion 
266E BO02469 ; 647 ldb pwm_dir, tmp 
648 
2671 2030 649 br ld_ pwr 
650 
2673 651 Hold position: i position hold mode 
2673 89020038 652 cmp pos_err, #02 
2677 DIV06 653 - gh calc_out i Af position error < 2 then turn off power 
2679 0126 654 clr tmpt+2 
267B OLSA 655 cir boost 
267D 201F 656 BR output 
657 ; 
267F 658 calc_out: 
267F SDFF7424 659 mulub tmp,max_hold, #255 
2683 6C3824 ; 680 mulu tmp, pos_err i Tmp = pos_err # max_hold 
2686 880050 661 cmp pos_delta., zero 
2689 D709 ; 662 yne no_bst 
268B 6504005A 663 add boost, #04 i Boost is integral control 
26BF &645A26 664 add tmp+2, boost i TMP+2 = MSB(pos_err#max_hold) 
2692 2002 > #55 br ck_ max 
2694 O1LSA 666 no_bst: clr boost 
2696 887426 6&7 ck_ max: cmp tmp+2, max_hold 
2699 D103 668 gnh output 
269B A07426 669 maxed: ld tmp+2,.max_hold 
269E BO266C 670 output: Ildb pwm_pwr, tmpt+2 
671 
672 
26Al1 673 chk_sanity: 
26Ai 2000 674 br ld_pwr 
675 av 
676 ii 
477 SE JECT 
478 
26A3 679 ld_pwr 
26A3 BO&CSh4 680 ; ldb rpwr, pwm_pwr 
26A6 1264 681 notb rpwr 
' 26A8 38690A 682 seayr* pwm_dir., 0. p2fwd 
683 
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26AB FA 684 p2bkwd: DI 
26AC 717F10 685 _ andb porta, #0O1111111B s Clear P2.7 
26AF BO06417 686 l1db pwm_control, rpwr 
26B2 FB 687 EI 
26B3 2008 688 br pwrset 
26B5 FA 689 pefwd: DI 
26B6 918010 690 orb port2, #10000000B i set P27 
26B9 B06417 691 ldb pwm_control.rpwr 
26BC FB 692 EI 
693 
26BD — 694 puwrset: 
26BD BB004A 695 cmp time_err+2,zero i do pos_table when err is negative 
26CO D225 696 jgt end_p 
697 tai br end _»p 
698 
26C2 89202962 699 cmp nxt_pos, #(32+pos_ table) 
26C& DEOS 700 git get_vals + ygump if lower 
26C8 A10029642 701 1d nxt_pos, #pos_table 
26CC 0142 702 cir timet+2 
246CE 703 get_vals: 
704 
26CE A26334 705 ld des_pos, (nxt_pos]+ 
26D1 A26336 706 ld des_postd2, (nxt_pos]+ 
26D4 A26346 707 ld des_time+2, (nxt_posJ+ 
26D7 A26370 708 ld max_pwr, (nxt_pos]+ 
26DA A07072 709 ld max _brk,max_pwr 
26DD 646034 710 -add des_pos, offset 
26EO A40036 Fi! addc des _postd2, zero 
26E3 4830344E 7i2 sub last_pos_err.,des_pos. position 
713 
26E7 717FOF 714 end p: andb porti, #01111111B i; Clear P1.7 
715 
26EA F3 716 popf 
26EB FO ' 717 ret j 
718 
719 SEJECT 
720 
721 Tae CREPE RETAIL E C. UeL eee ey ORE ORE ET OCRE PORE CUCPTOPOUCR UC ONT eee eee eee ee 
722 > eee eee ee Peeve ek ee main program Sie ee ere ee Toews ee ee 
723 KORTE TEE TAK TET EOPTATI SOOT R THEATER PETITE ETRE HE TTT ETH TG 
724 
725 
2800 726 CSEG at 2800H 
727 
2800 728 MAIN_PROG: : 
2800 90166D 729 orb iosl_bak,iosl 
26803 3646D09 _730 gbc ~ josl_bak,6,control 
2806 71BF6D 731 andb iosi_bak, #10111111B i Clear iosl_ bak. 6 
2809 95100F 732 xorb Porti1, #00010000B i Compl Bit P1.4 
280C EFFSFB 733 call HSI_DATA_INT i prevent lockup 
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280F 734 control: 


280F 912D08 fae orb int_mask, #00101101B i enable hsi. hso. swt. tovf interrupts 
2812 FD 736 nop ; : 
2813 FD tar nop 
2614 FD 738 nop = b 
2815 EOS&FFD 739 dynz main_dly, $° 
2818 FD ‘ 740 nop mee 
2819 9SO80F ; 741 xorb porti, #00001000B i compliment pi1.3 
281C 27E2 742 BR _ MAIN_PROG 
743 ig 
744 Be 
2900 745 CSEG AT 2900H 
746 
2900 : 747 pos_table: 
748 are : 
2900 00000000 749 dcl OOO000000H ~~ i: position O 
2904 20008000 750 dcw 0020H, OOBOH i next time, power 
2908 OOCO0000 751 dcl ~ @000cOOOH | i position 1 
290C 40004000 752 dcw ~ Q040H, O040H i; next time, power 
2910 00000000 — 753 dcl - Q0000000H __. + position 2 
2914 &000C000 7354 : dcw O060H. OOcOH i next time, power 
2918 OOSOFFFF 755 dcl _ OF FFFSOO00H — + position 3 
291C 80008000 736 dcw OO80H, OOBOH + next time, power 
757 ; spatir 2 ; - 
2920 00080000 758 dcl - Q0000800H i position 4 
2924 58008000 759 dcw - 0OS8H, OOBOH ; next time, power 
29728 00300000 760 dcl 00003000H i position 5 
292C 7OOOFFOO 761 dcw 0070H. OOF fH i next time, power 
2930 00000000 762 dcl ~ OOOOO0000H i position 6 
2934 FYOOOFO0O 763 dcw OO90H. OOFfOH i next time. power 
2938 00000000 764 dcl OO0000000H_ i position 7 
293C 9100F000 765 dcw ~O0O91H, OOFOH + next time. power 
766 
7&7. 
2940 748 END 


ASSEMBLY COMPLETED, NO ERROR(S) FOUND. 
270061-B1 
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1.0 INTRODUCTION 


Intel’s 8096 is a 16-bit microcontroller with processing 


power sufficient to perform many tasks which were pre- 


viously done by microprocessors or special building 
block computers. A new field of applications is opened 
by having this much power available on a single chip 
controller. 


The 8096 can be used to increase the performance of 
existing designs based on 8051s or similar 8-bit control- 
lers. In addition, it can be used for Digital Signal 
Processing (DSP) applications, as well as matrix ma- 
nipulations and other processing oriented tasks. One of 
the tasks that can be performed is the calculation of a 
Fast Fourier Transform (FFT). The algorithm used is 
similar to that in many DSP and matrix manipulation 
applications, so while it is directly applicable to a spe- 
cific set of applications, it is indirectly applicable to 
many more. 


FFTs are most often used in determining what frequen- 
cies are present in an analog signal. By providing a tool 
to identify specific waveforms by their frequency com- 
ponents, FFTs can be used to compare signals to one 
another or to set patterns. This type of procedure is 
used in speech detection and engine knock sensors. 
FFTs also have uses in vision systems where they iden- 
tify objects by comparing their outlines, and in radar 
units to detect the dopler shift created by moving ob- 
jects. 


This application note discusses how FFTs can be calcu- 
lated using Intel’s MCS®-96 microcontrollers. A\ re- 
view of fourier analysis is presented, along with the spe- 
cific code required for a 64 point real FFT. Throughout 
this application note, it is assumed that the reader has a 
working knowledge of the 8096. For those without this 
background the following two publications will be help- 
ful: 


1986 Microcontroller. Handbook 
Using the 8096, AP-248 


These books are listed in the bibliography, along with 
other good sources of information on the MCS-96 
product family and on Fast Fourier Transforms. 


2.0 PROGRAM OVERVIEW 


This application note contains program modules which 
are combined to create a program which performs an 
FFT on an analog signal sampled by the on-board 
ADC (Analog to Digital Converter) of the 8097. The 
results of the FFT are then provided over the serial 


ee wee: he nee = 


a 


channel to a printer or terminal which displays the re- 
sults. In the applications listed in the previous section, 
the data from this FFT program would be used directly 
by another program instead of being plotted. However, 
the plotted results are used here to provide an example 
of what the FFT does. There are four program modules 
discussed in this application note: 


FFTRUN - Runs a 64 point FFT on its data buffer. It 
produces 32 14-bit complex output values 
and 32 14-bit output magnitudes. A fast 
square root routine and log conversion rou- 
tine are included. 


A2DCON - Fills one of two buffers with analog values 
at a set sample rate. The sample time can 
be as fast as 50 microseconds using 
8x9xBH components. 


PLOTSP - Plots the contents of a buffer to a serially 
connected printer. Routines are provided 
for console out and hexadecimal to decimal 
conversion and printing. 


FTMAIN - The main module which controls the other 


modules. 


Each of the modules will be described separately. In 
order to better understand how the programs work to- 
gether, a brief tutorial on FFTs will be presented first, 
followed by descriptions of the pees in the order 
listed above. . 


The final program uses 64 real data points, taken from 
either a table or analog input 1. Each of the data points 
is a.16-bit signed number. The processing takes 12.5 
milliseconds when internal RAM is used as the data 
space. If external RAM is used, 14 milliseconds are 
required. Larger FFTs can be performed by slightly 
modifying the programs. A 256-point FFT would take 
approximately 65 milliseconds, and a 1024-point ver- 
sion would require about 300 milliseconds. 


In the program presented, the analog sampling time is 
set for 1 sample every 100 microseconds, providing the 
64 samples in 6.4 milliseconds. The sampling time can 
be reduced to around 60 microseconds per point by 
changing a variable, and less than 50 microseconds by 
using the 8x9xBH series of parts, since they have a 22 
microsecond A to D conversion time. 


The programs are set up to be run in a sequence instead 
of concurrently. This provides the fastest operation 
if the sampling speed were reduced to the minimum 
possible. For the fastest operation above about 80 mi- 
croseconds a sample, the programs could be run con- 
currently, but this would require some minor modifica- 
tions of the program. Figure 1 shows the timing of the 
program as presented. 
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PROCESS 
12-14ms 


SAMPLE 
6.4ms 


(3ms MINIMUM) 


SAMPLE 
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Figure 1. Timing of the FFT Program 


These programs have run in the Intel Microcontroller 
Operation Application’s Lab and produced the results 
presented in this application note. Since the programs 
have not undergone any further testing, we cannot 
guarantee them to be bug proof. We, therefore, recom- 
mend that they be thoroughly tested before being used 
for other than demonstration purposes. 


3.0 FOURIER TRANSFORMS 


A Fourier Transform is a useful analytical tool that is 
frequently ignored due to its mathematically oriented 
derivations. This is unfortunate, since Fourier trans- 
forms can be used without fully understanding the 
mathematics behind them. Of course, if one under- 
stands the theory behind these transforms, they become 
much more powerful. 


The majority of this application note deals with how a 
Fast Fourier Transform (FFT) can be used for spec- 
trum analysis. This procedure takes an input signal and 
Separates it into its frequency components. One can al- 
most treat the FFT as a black box, which has as its 
output, the frequency components and magnitudes of 
the input signal, much like a spectrum analyzer. 


From a mathematical standpoint, Fourier Transforms 
change information in the time domain into the fre- 
quency domain. The theory behind the Fourier trans- 
form stems from Fourier analysis, also called frequency 
analysis. 


There are many books on the topic of Fourier analysis, 
several of which are listed in the bibliography. In this 
application note, only the pertinent formulas and uses 
will be presented, not their derivations. 


The main idea in Fourier analysis is that a function can 
be expressed as a summation of sinusoidal functions of 
different frequencies, phase angles, and magnitudes. 
This idea is represented by the Fourier Integral: 


Hi =|" ort (1 


Where: H(f) is a function of frequency 
h(t) is a function of time 


Since 


e—i9 = COS 6 — j SIN@ (2) 
H(f) = | E h(t) (cos (2arft) — j sin (27ft)) dt (3) 


Figure 2 shows a rectangular pulse and its Fourier 
transform. Note that the results in the frequency do- 
main are continuous rather than discrete. 


In a simplified case, the varying phase angles can be 
removed, and the integral changed to a summation, 
known as a Fourier Series. All periodic functions can 
be described in this way. This series, as shown below, 
can help provide a more graphical understanding of 
Fourier analysis. 


co 


_ 49 [an Cos (27rnfot) + 
ss ale aes b, sin (2arnfot)] 


n= 1 
forn = 1to « 


(4) 


1 
Where fo = T.’ the fundamental frequency. 
0 
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H(f) = 
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Figure 2. Rectangular Pulse and Its Fourier Transform 


This formula can also be represented in complex form 


as: 
eo 


AS an e!™niot (5) 


=-— co 
The Fourier series for a square wave is 


oo 


sin ((2k + 1) 27rfot) 
Ye (2k + 1) ©) 
K=0 


If these sinusoids are summed, a square wave will be 
formed. Figure 3 shows the graphical summation of the 
first 3 terms of the series. Since the higher frequencies 
contribute to the squareness of the waveform at the 
corners, it is reasonable to compare only the flatness of 
the top of the waveform. The sharpness or risetime of 
the waveform can be determined by the highest fre- 


quency term being summed. With rise and fall times of 
10% of the period, the waveform generated by the first 
3 terms is within 20% of ideal. At 7 terms it is within 
10%, and at 20 terms it is within 5%. With a 5% 
risetime, it is within 20% of ideal after 5 terms, 10% 
after 13 terms and 5% after 32 terms. Figure 4 shows 
the resultant waveforms after the summation of 7, 15 
and 30 terms. 


Fourier analysis can be used on equation 4 to find the 
coefficients a, and b,. To make this process easier to 
use with a computer, a discrete form, rather than a 
continuous one, must be used. The discrete Fourier 
transform, shown in Equation 7, is a good approxima- 
tion to the continuous version. The closeness of the ap- 
proximation depends on several conditions which will 
be discussed later. The input to this transform is a set of 
N equally spaced samples of a waveform taken over a 
period of NT. The period NT is frequently referred to 
as the “Sampling Window”. 


vr. 
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Figure 3. Graphical Summation of Sinewaves 
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Figure 4. Square Wave from Sinusoids 
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N-1 
n : 
H{—]= h(k @i2mnk/N 
(iz) = Dy nan 
k=0 
f= 0, Taaeste | | (7) 
Where: H(f) is a function of frequency 
h(t) is a function of time 
T is the time span between samples 


N is the number of samples in the window 
n =0,1,2 ... N-1 


This transform is used for many applications, including 
Fourier Harmonic Analysis. This procedure uses the 
transform to calculate the coefficients used in Equation 
5. In order to do this, the factor T/NT must be added 
to the transform as follows: 


N-1 
-f n if, 
Pedy Pe GR ata h(k @~ l2mnk/N 
H (x) (NT) KT) 
k=0 
n=0):1,:2;3;2. «N71 | (8) 


The factor provides compensation for the number of 
samples taken. Note that the functions H(f) and h(t) are 
complex variables, so the simplicity of the equation can 
be misleading. Once the values of h(t) are known, (ie. 


the value of the input at the discrete times (t)), the 
Fourier Transform can be used to find the magnitude 
and phase shift of the signal at the frequencies (f). 


A spectrum analyzer can provide similar information 
on an analog input signal by using analog filters to sep- 
arate the frequency components. Regardless of its 
source, the information on component frequencies of a 
signal can be used to detect specific frequencies present 
in a signal or to compare one signal to another. Many 
lab experiments and product development tests can 
make use of this type of information. Using these meth- 
ods, the purity of signals can be measured, specific har- 
monics can be detected in mechanical equipment, and 
noise bursts can be classified. All of this information 
can be obtained while still treating the FFT process as a 
black box. 


Consider the discrete transform of a square wave as 
shown in Figure 5. Note that the component magni- 
tudes, as shown in the series of Equation 6, are shown 
in a mirrored form in the transform. This will happen 
whenever only real data is used as the FFT input, if 
both real and imaginary data were used the output 
would not be guaranteed to be symmetrical. For this 
reason, there is duplicate information in the transform 
for many applications. Later in this section a method to 
make the most of this characteristic is discussed. 


| THEORETICAL FOURIER SERIES COEFFICIENTS 


? 
, 
: 


AMPLITUDE 


REAL PART OF DISCRETE FOURIER TRANSFORM 


0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 


25 ws .75 ° 1.00. 1,257 1.50... 1.75 


30 31 


=1.75 “1.50 =1.25 =1:00. '=.75' 4.5025: ".125 


FREQUENCY (n/NT) 
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Figure 5. Discrete Transform of a Square Wave 
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If one looks at Equation 8, it can be seen that the calcu- 
lation of a discrete Fourier transform requires N 
squared complex multiplications. If N is large, the cal- 
culation time can easily become unrealistic for real-time 
applications. For example, if a complex multiplication 
takes 40 microseconds, at N = 16, 10 milliseconds 
would be used for calculation, while at N = 128, over 
half a second would be needed. A Fast Fourier Trans- 
form is an algorithm which uses less multiplications, 
and is therefore faster. To calculate the actual time sav- 
ings, it is first necessary to understand how a FFT 
works. 


4.0 THE FFT ALGORITHM 


The FFT algorithm makes use of the periodic nature of 
waveforms and some matrix algebra tricks to reduce 
the number of calculations needed for a transform. A 
more complete discussion of this is in Appendix A, 
~however, the.areas that need to-be understood to follow 
the algorithm are presented here. This information 
need not be read if the reader’s intent is to use the 
program and not to understand the mathematical pro- 
cess of the algorithm 


To simplify notation the following substitutions are 
made in Equation 8. 


W = e7i2a/N 
k = kT 
eae 

NT 


The resultant equation being 


N-+1 
x(n) = ) n(k)wnk (9) 
k=0 
Expressed as a matrix operation 
X(1) wo wo wo ... wo Xo(0) 
X(2) wo Wt w2 ... WN Xo(1) 
x(a) |=] wo we wW4 Wan Xo(2) 
X(N-1) | | wo WiN—1) w2tN—-1),.. wiN-12 FP XQ(N—1) 


A brief review of matrix properties can be found in 


Appendix A. Because of the periodic nature of W the 


following is true: 
Wwnk MOD N = Wok (10) 
= COS (277 nk/N) - j SIN (27rnk/N) 
W° = 1 therefore, if nk MOD N = 0, Wnk = 14 
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This reduces the calculations as several of the W terms 
go to 1 and the highest power of W is N. All of W 
values are complex, so most of the operations will have 
to be complex operations. We will continue to use only 
the W, X(n) and X0(k) symbols to represent these com- 
plex quantities. 


The FFT algorithm we will use requires that N be an 
integral power of 2. Other FFT algorithms do not have 
this restriction, but they are more complex to under- 
stand and develop. Additionally, for the relatively small 
values of N we are using this restriction should not 
provide much of a problem. We will define EXPO- 
NENT as log base 2 of N. Therefore, 


N = 2EXPONENT 


The magic of the FFT, (as detailed in Appendix A), 
involves factoring the matrix into EXPONENT matri- 
ces, each of which has all zeros except for a 1 and a 
Wnk term in each row. When these matrices are multi- 
plied together the result is the same as that of the multi- 
plication indicated in Equation 9, except that the rows 
are interchanged and there are fewer non-trivial multi- 
plications. To reorder the rows, and thus make the in- 
formation useful, it is necessary to perform a procedure 
called “Bit Reversal’. 


This process requires that N first be converted to a 
binary number. The least significant bit (Isb) is swapped 
with the most significant bit (msb). Then the next Isb is 
swapped with the next msb, and so on until all bits have 
been swapped once. For N= 8, 3 bits are used, and the 
values for N and their bit reversals are shown below: 


Bit 


NOOO" ODM ff © 


NO Oh WDM — O 


Recall that the FFT of real data provides a mirrored 
image output, but the FFT algorithm can accept inputs 
with both real and imaginary components. Since the 
inputs for harmonic analysis provided by a single A to 
D are real, the FFT algorithm is doing a lot of calcula- 
tions with one input term equal to zero. This is obvious- 
ly not very efficient. More information for a given size 
transform can be obtained by using a few more tricks. 
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It is possible to perform the FFT of two real functions 
at the same time by using the imaginary input values to 
the FFT for the second real function. There is then a 
post processing performed on the FFT results which 
separate the FFTs of the two functions. Using a similar 
procedure one can perform a transform on 2N real 
samples using an N complex sample transform. 


The procedure involves alternating the real sample val- 
ues between the real and imaginary inputs to the FFT. 
If, as in our example, the input to the FFT is a 2 by 32 
array containing the complex values for 32 inputs, the 
64 real samples would be loaded into it as follows: 


IN _—_—_—|00 01 02 08 04 05 06 07...... 30 31 


REAL 00 02 04 06 08 10 12 14 


This procedure is referred to as a pre-weave. In order to 

derive the desired results, the FFT is run, and then a 

post-weave operation is performed. The formula for the 
post-weave is shown below: 

~ {80 , RIN—n) cad hota) AM La 

xn) = [FO 4 9 os [e+ 


ine |) _ A=) a %. 
sin 70 | n= O15 ..2,N —o 


o - KN — a]. ie 7m mo ,_WN=9 ood —n) 


Xi(n) = 9 
wn Rin)” RN= MY Os ¥ . 
a 3 10, Via LS 1 (11) 


php TNS | WV NTN 
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(a. ) Relative Power of Windows (Side Lobes of 
Side Bins Removed for Clarity). 


Where R(n) is the real FFT output value 
I(n) is the imaginary FFT output value 
Xr(n) is the real post-weave output ; 
Xi(n) is the imaginary post-weave output 


Note that the output is now one-sided instead of mir- 
rored around the center frequency as it is in Figure 5. 
The magnitude of the signal at each frequency is calcu- 
lated by taking the square root of the sum of the 
squares. The magnitude can now be plotted against fre- 
quency, where the frequency steps are defined as: 


n 
ore =a Oy Veils Sy ua aly Pe | 
NT 


Where N is the number of complex samples (ie. 32 in 
this case) T is the time between samples 


__A value of zero on the frequency scale corresponds to 


the DC component of the waveform. Most signal analy- 
sis is done using Decibels (dB), the conversion is dB = 
10 LOG (Magnitude squared). Decibels are not used as 
an absolute measure, instead signals are compared by 
the difference in decibels. If the ratio between two sig- 
nals is 1:2 then there will be a 3 dB difference in their 
power. 


5.0 USING THE FFT 


There are several things to be aware of when using 
FFTs, but with the proper cautions, the FFT output 
can be used just like that of a spectrum analyzer. The 
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(b.) 10 Log Relative Power of Windows (Side 
Lobes of Side Bins Removed for Clarity). 


Figure 6. Bin Windows 
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first precaution is that the FFT is a discrete approxima- 
tion to a continuous Fourier Transform, so the output 
will seldom fit the theoretical values exactly, but it will 
be very close. 


Since the programs in this application note generate a 
one-sided transform with N = 32, the frequency granu- 
larity is fairly course. Each of the frequency compo- 
nents output from the FFT is actually the sum of all 
energy within a narrow band centered on that frequen- 
cy. This band of sensitivity is referred to as a “bin”. 
The reported magnitude is the actual magnitude multi- 
plied by the value of the bin window at the actual fre- 
quency. Figure 6 shows several bin windows. Note that 
these windows overlap, so that a frequency midway be- 
tween the two center frequencies will be reported as 
energy split between both windows. Be careful not to 


SAMPLE 


confuse the sampling window NT with bin windows or 
with the windowing function. 


Another area of caution is the relationship of the sam- 
pling window to the frequency of the waveform. For 
the best accuracy, the window should cover an exact 
multiple of the period of the waveform being analyzed. 
If it covers less than one period, the results will be 
invalid. Other variations from ideal will not produce 
invalid results, just additional noise in the output. 


If the sampling window does not cover an exact multi- 
ple of all of the frequency components of a waveform, 
the FFT results will be noisy. The reason for this is the 
sharp edge that the FFT sees when the edges of the 
window cut off the input waveform. Figure 7 shows a 
waveform that is an exact multiple of the window and 


‘WAVEFORM THAT FFT OUTPUT REFLECTS 
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Figure 7. Waveform is a Multiple of the Window 


SAMPLE 


WAVEFORM THAT FFT OUTPUT REFLECTS 
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Figure 8. Waveform is Not a Multiple of the Window 
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the periodic waveform that the FFT output reflects. In 
Figure 8, the waveform is not a multiple of the window 
and the waveform that the FFT output reflects has dis- 
continuities. These discontinuities contribute to the 
noise in an FFT output. This noise is called “spectral 
leakage”, or simply “leakage”, since it is leakage be- 
tween one frequency spectrum and another which is 
caused by digitization of an analog process. 


To reduce this leakage, a process called windowing is 
used. In this procedure the input data is multiplied by 
specific values before being used in the FFT. The term 
“windowing” is used because these values act as a win- 
dow through which the input data passes. If the input 
window goes smoothly to zero at both endpoints of 
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(a). Original Signal and Hanning Window 


the sampling window, there can be no discontinuities. 
Figure 9 shows a Hanning window and its effect on the 
input to an FFT. The Hanning window was named af- 
ter its creator, Julius Von Hann, and is one of the most 
commonly used windows. More information on win- 


dowing and the types of windows can be found in the | 


paper by Harris listed in the bibliography. As expected, 
the results of the FFT are changed because of the input 
windowing, but it is in a very predictable way. 


Using the Hanning window results in bin windows 
which are wider and lower in magnitude than normal, 
as can be seen by comparing Figure 6 with Figure 10. 
For an input frequency which is equal to the center 
frequency of a window, the attenuation will be 6 dB on 
the center frequency. Since the bin windows are wider 
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(b). Signal After Hanning Window 


Figure 9. Effect of Hanning Window on FFT Input 
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Figure 10. Bin Windows after Using Hanning Input Window 
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than normal, the input frequency will also have energy 
which falls into the bins on either side of center. These 
side bins will show a reading of 6 dB below the center 
window. The disadvantage of this spreading is far less 
than the advantage of removing leakage from the FFT 
output. 


A set of FFT output plots are included in the Appen- 
dix. These plots show the effect of windowing on vari- 
ous signals. There are examples of all of the cases de- 
scribed above. A brief discussion of the plots is also 
presented. 


Applications which can make use of this frequency 
magnitude information include a wide range of signal 
processing and detection tasks. Many of these tasks use 
digital filtering and signature analysis to match signals 
to a standard. This technique has been applied to anti- 
knock sensors for automobile engines, object identifica- 
tion for vision systems, cardiac arrhythmia detectors, 
noise separation and many other applications. The abil- 
ity to do this on a single-chip computer opens a door to 
new products which would have not been possible or 
cost effective previously. 


The next four sections of this application note cover the 
operation of the programs on a line by line basis. Sec- 
tion 6 shows an implementation of the FFT algorithm 
in BASIC. This code is used as a template to write the 
ASM 96 code in Section 7. Sections 8, 9, and 10 cover 
the code sections which support the FFT module. After 
all of the code sections are discussed, an overview of 
how to use the program is presented in Section 11. 


6.0 BASIC PROGRAM FOR FFTS 


The algorithm for this FFT is shown in the flowchart in 
Figure 11 and the BASIC program in Listing 1. There 
are four sections to this program: initialization, pre- 
weaving, transform calculation, and post-weaving. The 
flowchart is generalized, however, the BASIC program 
has been optimized for assembly language conversion 
with 64 real samples. 


On the flowchart, the initialization and pre-weaving 
sections are incorporated as “Read in Data”. The data 
to be read includes the raw data as well as the size of 
the array and the scaling factor. The details for pre- 
weaving have been discussed earlier, and initialization 
varies from computer to computer. LOOP COUNT 
keeps track of which of the factored matrices are being 
multiplied. SHIFT is the shift count which is used to 
determine the power of W (as defined earlier) which 
will be used in the loop. 


For each loop N calculations are performed in sets of 
two. Each calculation set is referred to as a a. butterfly 
and has the eOwing form: 


Matrix L Matrix L + 1 


X(k) + ——> X(k) 


*Wp1 


*Wp2 
+ ——P> X(k+#N2) 
270189-15 


X(k#N2) 


Also Shown as: 


X(k) 


X(k#N2) 
270189-16 


OR 
X1(k) = Xo (k-+N2)"Wpt + Xofk) 


X1(kK+N2) = Xo(k)*Wp2 + Xo(k + N2) 


In general, the W factors are not the same. However, 
for the case of this FFT algorithm, Wpl will always 
equal (— Wp2). This is because of the way in which “p” 
is calculated, and the fact that W(x) is a heed 
function. 


The inner loop in the flowchart is performed N2 times. 
For LOOP=1, N2=N/2 and if INCNT=N2 then 
k=N2 and k+N2=N, so the first loop is done and 
parameters LOOP, N2, and SHIFT are updated. For 
the first loop, all N/2 sets of calculations are performed 
contiguously. As LOOP increases, the number of con- 
tiguous. calculations are cut in_ half, until 
LOOP = EXPONENT. 


When LOOP = EXPONENT, N2=1, the butterfly is 
then performed on adjacent variables. Figure 12 shows 
the butterfly arrangement for a calculation where 


_N=8, so that EXPONENT =3. 


The BASIC program follows this flowchart, but opera- 
tions have been grouped to make it easier to convert it 
to assembly language. Also not shown in the flowchart 
are several divide by 2 operations. There are five in the 
main section, one per loop. These provide the T/NT 
factor in equation 8 for N= 32 (25=32). There is also 
an extra divide by two in the post-weave section. It is 
required to prevent overflows when performing the 16- 
bit signed arithmetic in the ASM96 program. As a re- 
sult of these operations, the input scale factor is +1 = 
+ 32767 and the output scaling is +1 = +16384. 
Note, the maximum input values are +0.99997. 
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READ IN DATA 


N2=N/2 
LOOP COUNT =1 
SHIFT = EXPONENT = 1 


YES IS 
LOOP > EXP 


POST=WEAVE 


P =INT(k/2**S) 
P =BLT REVERSAL (P) 


TMP =WP® x(k #N2) 
X(k #N2) =X(k) = TMP 
X(k) = X(k) * TMP 


LOOP = LOOP + 1 
N2=N2/2 
SHIFT = SHIFT + 1 
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Figure 11. Flowchart of Basic Program . ; o == 
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: THIS IS FFT13, FEBRUARY 4, 1986 


* COPYRIGHT INTEL CORPORATION, 1985 
* BY IRA HORDEN, MCO APPLICATIONS 


THIS PROGRAM PERFORMS A FAST FOURIER TRANSFORM ON 64 REAL DATA POINTS 
USING A 2N-POINTS WITH AN N-POINT TRANSFORM ALGORITHM. THE FIRST 
SECTION OF THE PROGRAM PERFORMS A STANDARD TRANSFORM ON DATA THAT HAS 
BEEN INTERLEAVED BETWEEN THE REAL AND IMAGINARY INPUT VALUES. THE 
RESULTS OF THAT TRANSFORM ARE THEN POST-PROCESSED IN THE SECOND SECTION 
OF THE PROGRAM TO PROVIDE THE 32 OUTPUT BUCKETS. THE OUTPUT VALUES ARE 
MULTIPLIED BY "M" TO MAKE IT EASY TO COMPARE WITH THE ASM-96 PROGRAM 


 ] 
INPUT “NAME OF LIST FILE"; LST$ 


PRINT 
OPEN LST$ FOR OUTPUT AS #1 
s 


* SET UP VARIABLES FOR BASIC 


DIM XR(32),X1I(32),WR(32) ,W1I(32),BR(32) 
M=16383 * M=MULT. FACTOR FOR SCALING 
N=32 : N1=3l1 : N2=N/2 * N=NUMBER OF DATA POINTS 
LOOP=1 : K=0 : EXPONENT=5 : SHIFT=EXPONENT-1 * 2e*E=N 
PI=3.141592654# : TPN=2*PI/N : PIN=PI/N | 

: 


* READ IN CONSTANTS 
FOR P=0 TO 31 : PN=P*TPN 
WR(P)=COS(PN) : WI(P)=-SIN(PN) : READ BR(P) 
NEXT P 
9 


FOR K=0 TO 31 * READ IN DATA 


READ XR(K) : READ XI(K) 
NEXT K 


* INITIALIZATION OF LOOP 
K=0 
IF LOOP>EXPONENT THEN 700 


INCNT=0 
* ACTUAL CALCULATIONS BEGIN 


INCNT=INCNT+1 


P=BR(INT(K/(2*SHIFT) ) ) 
WRP=WR(P) : WIP=WI(P) : KN2=K+N2 WRP AND WIP ARE CONSTANTS BASED ON 


TMPR= (WRP*XR(KN2) - WIP#*XI(KN2))/2 SINES AND COSINES OF BIT REVERSED 
TMPI= (WRP*XI(KN2) + WIP*XR(KN2))/2 VALUES OF K SHIFTED RIGHT S TIMES 
TMPR1=XR(K)/2 : TMPI1=XI(K)/2 

XR(K+N2) = TMPR1 - TMPR * TMPR, TMPI ARE THE REAL AND IMAGINARY 
XI(K+N2) = TMPI1 - TMPI > RESULTS OF A COMPLEX MULTIPLICATION 

XR(K) TMPR1 + TMPR 

XI(K) TMPI1 + TMPI 

9 


K=K+1 
IF INCNT<N2 THEN GOTO 450 ; 
K=K+N2 SINCE THE ARRAY IS PROCESSED 2 POINTS AT A TIME, 


IF K<Nl THEN GOTO 430 ONLY N/2 LOOPS NEED TO BE MADE. ON EACH PASS, 
LOOP=LOOP+1 : N2=N2/2 THE VALUE OF N2 CHANGES AND SMALLER CONSECUTIVE 
SHIFT=SHIFT-1 SECTIONS ARE PROCESSED. 


GOTO 400 
s 
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Listing 1—BASIC FFT Program 
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> POST-PROCESSING AND REORDERING BEGIN HERE 


FOR K = 0 TO 31 

KPIN=K*¥PIN 

XRBRK=XR(BR(K)) : XIBRK=XI(BR(K)) * CONDENSED FOR EASE OF ASM PROGRAMMING 
XRBRNK=XR(BR(N-K)) : XIBRNK=XI(BR(N-K) ) 

TI = (XIBRK+XIBRNK) /2 

TR = (XRBRK-XRBRNK) /2 

XRT= (XRBRK+XRBRNK) /4 

XIT= (XIBRK-XIBRNK) /4 

OUTR= XRT + TI*COS(KPIN)/2 - TR*SIN(KPIN)/2 
OUTI= XIT - TI*SIN(KPIN)/2 - TR*COS(KPIN)/2 
% 


MAGSQ = OUTR*OUTR+OUTI*OUTI ’ THE ASM-96 PROGRAM USES A TABLE LOOK-UP 
MAG = SQR(MAGSQ) * ROUTINE TO CALCULATE SQUARE ROOTS 

IF MAGSQ&M < .5 THEN DECIBEL=0 : GOTO 900 | , 
DBFACT=M/2/327674M ° M*2 / 64K 

DECIBEL=10*LOG (MAGSQ*DBFACT) 

DECIBEL=DECIBEL * .434294481# 

GOTO 930 

PRINT #1, USING "###### "; K, 

PRINT #1, USING "\ \"; HEX$(MXOUTR), HEX$(M*OUTI), HEX$(M*MAG) 

* GOTO 950 | : 
PRINT #1, USING "## "; K; 

PRINT #1, USING "##.##### "; OUTR,OUTI,MAG; 

PRINT #1, USING "###.### "; DECIBEL; 

PRINT #1, USING "###### "; MX*OUTR, M*OUTI, M*MAG 

NEXT K 

ty ‘ 
IF LST$<>"SCRN:" THEN PRINT #1, CHR$(12) 
END , 

END 

* DATA FOR BR(P) - BIT REVERSAL 
DATA 0,16,8, 24,4, 20, 12,28, 2,18, 10,26,6,22,14,30 
DATA 1,17,9,25,5,21,13,29,3,19,11,27,7,23,15,31 
> DATA FOR XR,XI 

DAWA 2/2) SeOys ook Oy Seba e 22 

DATA 2525252085 2 2p 252s lr date ts bs Rak 

DATA -2,-2,-2,-2,-2,-2,—-2,-2)—-2,-2,—-2,-2,-2,-2,-2; 
DATA -2,-2,-2,-2,-2,-2,—-2,-2,-2,-2,-2,-2,-2,-2,-2, 


~2 
-2 
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Listing 1—BASIC FFT Program (Continued) 
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Lines 165-175 set up the file for printing the data, this 
can be SCRN:, LPT1:, or any other file. 


x(0) 
xX(1) 
X(2) 
x(3) 


x(4) 
x(5) 
x(6) 
x(7) 
270189-19 


Figure 12. Butterflies with N=8 


~ Lines 200-310 set up the constants and calculate the 


WP terms which are stored in the matrices WR(p) and 
WI(p), for the real and imaginary component respec- 
tively. 


Lines 320-350 read in the data, alternately placing it 
into the real and imaginary arrays. The data is scaled 
by 2 to make the data table simpler. 


Lines 410-430 initialize the loop and test for comple- 
tion. 


Lines 450-620 perform the FFT algorithm. Note that 
all calculations are complex, with the suffixes ““R” and 
“T” indicating real and imaginary components respec- 
tively. 


The variables on line 470, TMPR1 and TMPI1 would 
normally not be used in a BASIC program as more 
than one operation can be performed on each line. 
However, indirect table lookups always use a separate 
line of assembly code, so separate lines have been used 
here. 


Lines 700-810 perform the post-weave. This is not in 
the flowchart, but can be found in Equation 11. Once 
again, table look-ups are separated‘ and additional vari- 
ables are used for clarity. The variables BR(x) are the 
bit reversal values of x. 


Line 830 calculates the magnitude of the harmonic 
components. 


Lines 900-950 print the results of the calculations, with 
line 900 determining if the print-out should be in hex or 
decimal. 


Lines 1000-1080 are the data for the bit reversal values 
and input datapoints. The input waveform is one cycle 
of a square-wave. 


7.0 ASM96 PROGRAM FOR FFTS 


The BASIC program just presented has been used as an 
outline for the ASM96 program shown in Listing 2. 
There are many advantages to using the 
BASIC program as a model, the main ones being de- 
bugging and testing. Since the BASIC program is so 
similar in program flow to the ASM96 program, it’s 
possible to stop the ASM96 program at almost any 
point and verify that the results are correct. 
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MCS-96 MACRO ASSEMBLER FFT_RUN 02/18/86 PAGE 
SERIES-III MCS-96 MACRO ASSEMBLER, V1.0 

OBJECT FILE: :F2:FFTRUN.OBJ 

CONTROLS SPECIFIED IN INVOCATION COMMAND: NOSB 


ERR LOC OBJECT L SOURCE STATEMENT 


$pagelength(50) - 
FFT_RUN MODULE STACKSIZE(6) 


Intel Corporation, January 24, 1986 
by Ira Horden, MCO Applications 


staanauact 


: This module performs a fast fourier transform (FFT) on 64 real data 
; points using a 2N-point algorithm. The algorithm involves using a standard 


a 

ll =; FFT procedure for 32 real and 32 imaginary numbers. The real and imaginary 
12 ; arrays are filled alternately with real data points, and the output of the 
13. ; FFT is run through a post-processor. The result is a one sided array with 32 
14 ; output buckets. The post processing includes a table lookup algorithm for 
15 ; taking the square root of an unsigned 32-bit number. 

16 

}. ae 4 All of the calculations in the main FFT program are done using 16-bit 
18 ; signed integers. The maximum value of any frequency component is therefore 
19 ; +/- 32K. (Note that a square wave of +/-32K has a fundamental component 

20 =; greater than +/- 40K). Wherever possible tables are used to increase the 
21 ; speed of math operations. The complete transform, including obtaining the 
22 =; absolute magnitude of each frequency component, executes in 12 

23 =; milliseconds with internal variables, 14 ms with external. 

24 , 

an 3 The program requires two 32-word input arrays, with the sample values 
26 ; alternated between the two. These start at XREAL and XIMAG. The resultant 
27 +; magnitude will be placed in a 32-word array at FFT_OUT. These are all 

28 #; externally defined variables. The external constant SCALE_FACTOR is used to 
29 =; divide the output when averaging will be used. Since the program averages 
30 =; its output, it is necessary to clear the array based at FFT_OUT before 

31 ; calling FFT_CALC to start the program. 

32 , 

SS 3 The program was originally written in BASIC for testing purposes. The 
34  #; comments include these BASIC statements to make it easier to follow the 

35 ; algorithm. 

36 

37 $EJECT 
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MCS-96 MACRO ASSEMBLER FFT_RUN 02/18/86 


ERR LOC OBJECT LINE SOURCE STATEMENT 
38 
0000 39 RSEG 
40 EXTRN portl, zero, error 
41 
0024 42 OSEG at 24H 
0024 43 TMPR: dsl 
TMPI: ds] 
TMPR1: dsl 
dsl 
dsl 
dsl 
: dsl 
: dsl 
dsl 
dsl 
equ Table difference for square root 
equ ; Square root 
equ : ; 10 Log magnitude*2 
; Next location in table 


Temporary register, Real spf 
Temporary register, Imaginary ny aa 
Temporary registerl, Real atom 
Temporary registerl, Imaginary 
Temporary data register, Real 
Temporary data register, Imaginary 


ws we we we we we 


it) 


; Multiplication factor, Real 
; Multiplication factor, Imaginary 


; n divided by 2 (0 <n < N) *2 


GLe-dV 


; K for counter *2 to index words 
KPTR + NDIV2 

3; N-K *2 to index words 

; Bit reversed pointer of KPTR 

; Bit reversed pointer of N_SUB_K 


REGESEES 


ptr sword ; Pointer for square root table 


FFT_MODE ; FFT_MODE: mode for FFT input and graphing 
XREAL, XIMAG ; XREAL, XIMAG: Base addresses for 32 16-bit signed 

; entries for real and imaginary numbers respectively. 
FFT_OUT ; FFT_OUT: Starting address for 32 word array 


; of magnitude information. 
OUTR: dsw 32 ; Real component of fft 
_ OUTI: dsw 32 ; Imaginary component of waveform 
PUBLIC OUTR,OUTI 


$EJECT 
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MCS-96 MACRO ASSEMBLER -FFT_RUN 02/18/86 PAGE 3 
ERR LOC OBJECT LINE SOURCE STATEMENT 
85 
2280 86 CSEG at 2280H 
87 
88 PUBLIC fft_calc ; Starting point for FFT algorithm 
89 
30 EXTRN scale factor ; Shift factor used to prevent overflow when averaging 
/ 91 ; ; fft outputs 
92 
93 
94 3; $333 START FOURIER CALCULATIONS 
2280 95 FFT_CAILC: $333 400 ° INITIALIZATION OF LOOP 
2280 1100 -E 96 clrb error 
2282 B10100 E = ldb port1,#00000001b ;***x Indication Only 
2285 FC 99 clrvt 
2286 B10158 100 1ldb loop_cnt,#1 
2289 B10456 101 ldb shft_cnt,#4 
228C A1200044 102 ld ndiv2, #32 
103: ; thas 410 K=0 
2290 104 OUT_LOOP: 
2290 950400 E 105 xorb port1, #00000100B ;***kk Indication Only 
2293 014C 106 elr kptr - 
igf? <: S35 420 IF LOOP > EXP THEN 700 
2295 990558 108 cmpb loop_cnt, #5 ; 32=2°6 
2298 DA0220A3 109 ! bgt UNWEAVE 
110 
111 
229C 112 MID_LOOP: 3953 430 INCNT=0 
229C 0142 113 clr in_cnt ; - 
114 
115 33933 440 ° CALCULATIONS BEGIN HERE 
229E 116 IN_LOOP: 
229E 65020042 117 add in_cnt, #2 sues 450 INCNT=INCNT+1 
: lls; 3333 460 P=BR(INT(K/(2“SHIFT) ) ) 
22A2 A04C40 119 ld per, kptr 
2245 085640 120 shr pwr, shft_cnt 33; Calculate multiplication factors 
22A8 71FE40 121 andb pwr , #11111110B 
22AB A341003840 122 1d pwr, brev[ pwr] 
s 123°. ; 3353 470 WRP=WR(P) : WIP=WI(P) : KN2=K+N2 
22B0 A34144393C 124 —s gw: 1d wrp, wr [pwr] 
22B5 A34186393E 125 ld wip, wi [pwr] 
22BA 44444C4E 126 add kn2, kptr, ndiv2 
127 $eject 
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MCS-96 MACRO ASSEMBLER 


o- 


- ERR LOC OBJECT 


22BE FE4F4F00003C24 
22C5 FE4F4F00003E28 
22CC 68226 


22CF FR4F4F00003¢2C 
22D6 FE4F4F00003E28 


22DD 642E2A 


22R0 DC55 


22E2 A34D00002C 
22E7 0A012C 
22EA A34D000030 
22EF 0A0130 


22F2 48262C34 


(22F6 C34F000034 


22FB 482A3038 
22FF C34F000038 


2304 44262C34 
2308 C34D000034 


230D 44243038 
2311 C34D000038 


2316 DC23 


139 


141 


143 


147 


149 
150 
E 161 
152 
153 


155 
156 
E 157 


158 © 


159 


161 
162 
163 
164 


02/18/86 PAGE 


SOURCE STATEMENT 
3; Complex multiplication follows 


$eject 


mul 
mul 
sub 
mul 
mul 
add 


ape8 480 TMPR= (WRP*XR(KN2) — WIP*XI(KN2))/2 
tmpr,wrp, xreal(kn2] 


‘tmpi,wip, ximag[kn2] 


tmpr+2, tmpi+2 . 
si33 490 TMPI= (WRP*XI(KN2) + WIP*XR(KN2))/2 
tmprl,wrp, ximag(kn2] 
tmpi,wip, xreal[kn2] 
tmpi+2, taprl+2 


33 using the high byte only of a signed multiply 
33 provides an effective divide by two 


ERR ; Branch on error in complex multiplications 


tmprl,xreal(kptr] 3353 500 TMPR1=XR(K)/2 : 
tmprl, #1 $353 TMPI1=XI(K)/2 
tmpil, ximag[kptr] 

tmpil, #1 


ae Er 510 XR(KN2) = TMPR1 — TMPR 
xrtmp, tmprl, tmpr+2 
xrtup, xreal (kn2] 

iis 520 XI(KN2) = TMPI1 —- TMPI 
xitmp,tmpil, tmpi+2 


xitmp, ximag(kn2] - 
3333 530 XR(K) = TMPR1 + TMPR 
xrtmp,tmprl, tmpr+2 
xrtmp,xreal(kptr] 
gigs 540 XI(K) = TMPI1 + TMPI 
xitmp, tmpil, tmpi+2 
xitmp, ximag(kptr] 


EBRR2 3: Branch on error in complex additions 
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MCS-96 MACRO ASSEMBLER FFT_RUN 02/18/86 PAGE 5 
LOC OBJECT LINE SOURCE STATEMENT 
160. 45 wee eg 560 K=K+1 
2318 6502004Cc 166 = ik: add kptr, #2 
167 . 
3 168; 3333. 570 IF INCNT<N2 THEN GOTO 450 
231C 884442 169 cup in_cnt,ndiv2 
231F D602277B 170 ! bit -IN_LOOP 
b at ; 171 
a , AST: 580 K=K+N2 
2323 64444C 173 add kptr,ndiv2 
174; ; 3333 590 IF K<Nl THEN GOTO 430 
2326 8938004C 175 cmp _—ikptr, #62 
ie 232A D602276E 176 ! bit MID_LOOP 
AED MERE N 177 pA LOMe, ; 
= A aE 178 3 3333 600 LOOP=LOOP+1 : N2=N2/2 
To] 232E 1758 179 incb loop_cnt 3335 605 SHIFT=SHIFT+1 . 
ND 2330 0A0144 180 ; shra ndiv2,#1 
| 2333 1556 181 decb shft_cnt 
> Sas 182; 3333- 610 GOTO 400 
” 2335 2759 183 br OUT_LOOP 
= : 184 | | 
© 185 : 
z om 2337 B10100 E 186 ERR1: ildb error, #01 3 overflow error, lst set of calculations 
Ti 233A FO | 187 ret %? , 
3 is 233B B10200 E 188 ERR2: Iidb error , #02 ; overflow error, 2nd set of calculations 
“a 2338 FO 189 ret ," 
a Pes 190 
& : 191 $EJECT 
2 Bech Ges 3 a4 270189-37 
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MCS-96 MACRO ASSEMBLER 
ERR LOC OBJECT 


233F 
233F B10200 


$eject 


clr 


02/18/86 PAGE 


$555 700 ° POST-PROCESING AND REORDERING STARTS HERE 
port1,#00000010b ; *eeK 


Pe 720 FOR K=0 TO 31 


kptr 
n_sub_k, #64 


ater 740 XIBRK=XI(BR(K)) : XRBRK=XR(BR(K) 
rk, brev(kptr] 
xurrk, xreal [rk] 


xrrk 
xirk, ximag[rk] 
xirk 


Bisse 750 XIBRNK=XI(BR(N—K) : XRBRNK=XR(BR(N—K) 
rnk,brev({n_sub_k] 
xrrnk, xreal[rnk] 
xrrnk 


xirnk, ximag[rnk] 
xirnk 
sis's 5 760 TI=(XIBRK + XIBRNK)/2 
tmpi,xirk,xirnk 
tmpi+2,xirnk+2 
tmpi+2,xirk+2 
tmpi, #1 ; 16 bit result in tapi 


3333 770 TR=(XRBRK — XRBRNK)/2 
tmpr, xrrk, xrrnk 
tupr+2,xrrk+2 
tmpr+2,xrrnok+2 
tupr, #1 ; 16 bit result in tmpr 


ree 780 XRT= (XRBRK + XRBRNK)/4 


; 32 bit result in xrtmp 


3353 790 XIT= (XIBRK—XIBRNK) /4 
xitmp, xirk, xirnk 
xitmp+2,xirk+2 
xitmpt2, xirnk+2 


xitmp, #14 ; 32 bit result in xitmp 
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ERR LOC OBJECT 


23A2 FE4F4D4038242C 
23A9 FE4F4DC2382830 
23B0 643034 

23B3 A43236 

23B6 682C34 

23B9 A82E36 

23BC C34D000036 


231 FE4F4Dc238242c 
23C8 FE4F4D40382830 
23CF 683038 

23D2 A8323A 

23D5 682C38 

23D8 682E3A 

23DB C34D40003A 


23E0 
23E0 A03624 
23E3 A03A28 


23E6 FE6C2424 
23EA FE6C2828 
23BE 642824 
23F1 A42A26 


23F4 32004c ° 


MCS-96 MACRO ASSEMBLER FFT_RUN 


mi: 


GET_MAG: 


$eject 


xrtmpt2,outr[kptr] 


02/18/86 PAGE 


Multiply will provide effective divide by 2 
s$¢3 800 OUTR= (XRT + TI*#COSFN(K)/2 — TR*SINFN(K)/2) 


tmprl,tmpr,sinfn{kptr] _ 

tmpil, tmpi,cosfn[kptr] 

xrtup, tmapil 

xrtmp+2, tmpil+2 

xrtmp, tuprl 

xrtmpt2, tmprl+2 

3; OUTR = Real Output Values 


3553 810 OUTI= (XIT — TI*SINFN(K)/2 — TR*COSFN(K)/2) 


tmprl, tmpr,cosfn(kptr] 
tmpil, tmpi,sinfn(kptr] 
xitmp, tmpil 

xitmp+2, tmpil+2 

xitmp, tmprl 

xitmpt2, tmprl+2 


xitmpt2, outi(kptr] ;; OUTI = Imaginary Output values 


s555 830 MAG =SQR(OUTR*OUTR + OUTI*0UTI) 


;; Get Magnitude of Vector 
tmpr, xrtmpt+2 
tmpi, xitmp+2 


tmpr, tupr 
tmpi, tmpi 
tmpr, tmpi 
tmpr+2, tmpi+2 


FFT_MODE ,2,CALC_SQRT 


; tmpr = tmpi*s2 + tmpr*%2 
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ERR LOC OBJECT LINE _ SOURCE STATEMENT 
276 
277 3333  %**%* CALCULATE 10 log magnitude"2 **x* 
278 ; Output = 512*10*LOG(x) x=1,2,3 ... 64K 
279 
23F7 280 CALC_LOG: ey 
23F7 0156 281 clr shft_cnt Be 
23F9 OF5624 282 norml tmpr,shft_cnt ; Normalize and get normalization factor em, ig ee 
23FC S90F56 283 capb shft_cnt,#15 2 a) 
23FF DAO4 284 jle | LOG_IN_RANGE ; Jump if SHIFT_CNT <= 15 eae 
2401 0140 286 clr log ee 
2403 202C 287 br LOG_STORE 0. ae 
2405 289  1LOG_IN_RANGE: . i en 
2405 44565656 2390 add shft_cnt,shft_cnt,shft_cnt ; Make shift_cnt a pointer ; Rie at is 
2409 AC274E 292 ldbze  ptr,tmpr+3 ; Most significant byte is table pointer pte: ay 
240C 444E4E4E 293 add ptr, ptr,ptr : ph ae ae 
2410 65083A4E 294 add ptr,# LOG_TABLE-256 ; ptr= Table + offset (offset=tmpr+3) Baek vO ies, ak 
295 ; Use —256 since tmpr+3 is always >= 128 aa ; 
2414 A24F40 296 ld log, [ptr]+ eee 
2417 A24E44 297 ld nxtloc, [ptr] ;; Linear Interpolation see 
241A 684044 2399 sub nxtloc, log ; nxtloc = next log - log ; een 
241D AC263C 301 lIdbze diff,tmpr+2 ; diff+l = nxtloc * tmpr+2 / 256 RD Bay EE. Ly 
2420 6C443C 302 mulu diff,nxtloc BA ean 
2423 OCO83C 304 shrl diff, #8 3; log = log + diff/256 DOr Osu, 4m 2 
2426 643C40 305 add log, diff a 
2429 080540 306 shr log, #5 ; 8192/32 * 20L0G(x) = 256 * 20L0G(x) a 
242C A7570A3C40 308 addc log, log_offset([shft_cnt] ; add log of normalization factor ies 
310 33 Log (MEN) = Log M + Log N oo ane ae, 
311 ¥ ey a Ke ely? 
2431 312 LOG_STORE: . ” 
2431 080040 E 313 shr log, #SCALE_FACTOR alae 
2434 A40040 E 314 addc log, zero ; Divide to prevent overflow during a 
2437 674D000040 E 315 add log, FFT_OUT(kptr] 3; averaging of outputs ¢ Be 
243C C34D000040 E 316 st log, FFT_OUT(kptr] aa 
317 a ae 
2441 2045 318 BR ENDL hg fg 
319 ect RANA. 
ic 270189-—40 Rat 
| Ay 7a i vt 
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ERR LOC OBJECT LINE SOURCE STATEMENT 
320 3333 *** CALCULATE SQUARE ROOT *xx er 
2443 321 CALC_SQRT: ie. 
2443 0156 323 Ss clr shft_cnt 4 
2445 OF5624 324 norml tmpr,shft_cnt ; Normalize and get normalization factor 
325 “ 
2448 D705 326 jne SQRT_IN_ RANGE ; Jump if tmpr > 0 > 
244A ©C04200 E 327 st zero,sqrt+2 ‘ 
244D 2029 328 br SQRT_STORE i 
329 aah Sea 
244F 330  SQRT_IN_RANGE eh 
244F AC274E 331 ldbze ptr, tmpr+3 ; Most significant byte is table pointer a 
2452 444E4E4E 332 add ptr,ptr,ptr ce 4 
2456 6508394E 333 add ptr,# SQ_TABLE-256 ; ptr= Table + offset (offset=tmpr+3) 2 A 
334 ; Use -256 since tmpr+3 is always >= 128 “ft 
245A A24F40 335 ld sqrt, (ptr]+ Pax 
245D A24E44 336 ld nxtloc, [ptr] ;; Linear Interpolation ae 
337 ‘ ad , 
2460 684044 338 sub nxtloc, sqrt ; mxtloc = sqrt - next sqrt oe 
339 a a 
2463 AC263C 340 ldbze diff,tmpr+2 ; diff+l = nxtloc * tmpr+2 / 256 Ba 
2466 6C443C 341 mulu = diff, nxt loc > ih on 
mir Uv @ 
2469 AC3D3C 343 ldbze diff,diff+l 3; sqrt = sqrt + delta (diff < OFFH) D ; 
246C 643C40 344 add sqrt, diff ~ 
246F 44565656 346 add = shft_cnt,shft_cnt,shft_cnt wm OF 3 
347 prs 
2473 6F57C83940 348 mulu sqrt,tab_ sqr(shft_cnt] ; divide by normalization factor e 
349 Re 
350 33; mulu acts as divide since if tab2=OFFFFH a 
351 33 sqrt would remain essentialy unchanged ah 
2478 “352 SQRT_STORE: x; 
2478 080042 E 353 shr sqrt+2,#SCALE FACTOR Wh 
247B A40042 E 354 addc =—_ sqrt+2, zero ; Divide to prevent overflow during sth 
247E 674D000042 E 355 add sqrt+2, FFT_OUT([kptr] ; averaging of outputs on 
2483 ©34D000042 E 356 st sqrt+2, FFT_OUT(kptr] Maat 
357 oS 
368; 5333 *x* END OF LOOP ‘*&¢ a 
359 Nee 
360 3555 950 NEXT K wise 
2488 6502004c 361 ENDL: add kptr, #2 ,. 
248c 69020050 362 sub n_sub_k,#2Z is 
2490 DFO226B4 363! bne UN_LOOP oo 
2494 FO 365 RET +3 
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ERR LOC OBJECT LINE SOURCE STATEMENT 
367 ;$nolist 
3800 368 CSEG AT 3800H sais Use 2k for tables 
369 
3800 370 = BREV: ; 2*bit reversal value 
: 371 
3800 0000200010003000 372 DCW 2*0, 2%16, 2%8, 2%24, 2%4, 2%20, 2*12, 2428 
3810 0400240014003400 373 DCW 2%2, 2%18, 2*10, 2%26, 2%6, 2%22, 2%14, 2%30 
3820 0200220012003200 374 DCW 2*1, 2%17, 2%9, 225, 2%5, 2%21, 2%13, 2%29 
3830 0600260016003600 375 DCW 2*3, 2%19, 2*11, 2%27, 2%7, 2%23, 2%15, 2*31 
376 


4 
e 
3 


3840 00008COCF9182825 378 DCW 0, 3212, #6393, 9512, 12539, 15446, 18204, 20787 
3850 825AF1626D6AE270 | 379 DCW 23170, 25329, 27245, 28898, 30273, 31356, 32137, 32609 
3860 FF7F617F897D7C7A 380 DCW 32767, 32609, 32137, 31356, 30273, 28898, 27245, 25329 
3870 825A33511C47563C 381 DCW 23170, 20787, 18204, 15446, 12539, 9612, 6393, 3212 
3880 000074F307E7D8DA 382 DCW 0, -3212, -6393, -9512, -12539, -15446, -18204, -20787 
3890 TEA5OF9D9395 1 ESF 383 DCW -23170, -25329, -27245, -28898, -30273, -31356, -32137, -32609 
38A0 01809F8077828485 384 DCW -32767, -32609, -32137, -31356, -30273, -28898, -27245, -25329 
38B0 TEASCDABE4B8AAC3 385 DCW -23170, -20787, -18204, -15446, -12539, -9512, -6393, -3212 
38C0 0000 386 DCW 0 

387 
38C2 388 COSFN: 
38C2 FF7F617F897D7C7A 389 DCW 32767, 32609, 32137, 31356, 30273, 28898, 27245, 25329 
38D2 825A33511C47563c 390 DCW 23170, 20787, 18204, 15446, 12539, 9512, 6393, 3212 
38E2 000074F307E7D8DA 391 DCW 0, ~-3212, -6393, -9512, -12539, -15446, -18204, -20787 
38F2 TEASOFSD9395 1E8F 392 DCW -23170, -25329, -27245, -28898, -30273, -31356, -32137, -32609 
3902 01809F8077828485 393 DCW -32767, -32609, -32137, -31356, -30273, -28898, -27245, -25329 
3912 TEASCDAEE4B8AAC3 394 DCW -23170, -20787, -18204, -15446, -12539, -9512, -6393, -3212 
3922 00008COCF9182825 395 DCW 0, 3212, #6393, 9512, 12539, 15446, 18204, 20787 
3932 825AF1626D6AE270 396 DCW 23170, 25329, 27245, 28898, 30273, 31356, 32137, 32609 
3942 FF7F 397 DCW 32767 

398 
3944 399 WR: 3353 WR = COS(K*2PI/N) 
3944 FF7F897D41766D6A 400 DCW 32767, 32137, 30273, 27245, 23170, 18204, 12539, 6393 
3954 000007E705CFE4B8 401 DCW 0, -6393, -12539, ~-18204, -23170, -27245, -30273, -32137 
3964 01807782BF899395 402 DCW -32767, -32137, -30273, -27245, -23170, -18204, -12539, -6393 
3974 0000F918FB301C47 403 DCW 0, 6393, 12539, 18204, 23170, 27245, 30273, 32137 
3984 FF7F 404 DCW 32767 

405 
3986 406 WI: 3333 - WI = -SIN(K*2PI/N) 
3986 000007E705CFE4B8 407 DCW -0, -6393, -12539, -18204, -23170, -27245, -30273, -32137 
3996 01807782BF899395 408 DCW -32767, -32137, -30273, -27245, -23170, -18204, -12539, -6393 
39A6 0000F918FB301C47 409 DCW 0, 6393, 12539, 18204, 23170, 27245, 30273, 32137 
39B6 FF7F897D41766D6A 410 DCW 32767, 32137, 30273, 27245, 23170, 18204, 12539, 6393 
39C6 0000 411 DCW : 0 

412 eject 
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39C8 FFFFO4B50080825A 


39D8 0010500B0008A805 


39E8 0001B50080005B00 
39F8 10000B0008000600 


3A08 


3A08 OSBSBABS6EB621B7 
3A18 97BA4GBBF5BBA3BC 
3A28 OOCOAACOS4C1FDC1 
3A38 43C5E9C58EC633C7 
3A48 63CA04CBA6CB46CC 
3A58 G2CFOODO9DDO3AD1 
3A68 44D4DED477D511D6 
3A78 O9DSAOD936DACCDA 
3A88 B4DD47DEDBDEGEDF 
3A98 46E2D7E267E3F7E3 
3AA8 C1E64FE7DDE7GAE8 
3AB8 27EBB2EB3DECC7EC 
3AC8_ 77EFOOFOSSFO10F1 
3AD8 B4F33BF4C1F446F5 
3AK8 DFF763F8E7F86AF9 
3AF8 F8FB7AFCFBFC7DFD 


SOURCE STATEMENT 


g 
e 
Fs 


EEE EE EEE EEE EEE: 


; 65535/(square root of 2**SHFT_CNT) ; 


2 4 8 16 
46340, 32768, 23170, 


512 1024 
2896, 2048, 1448, 
131072, 262144, 524288, ... 
181, 128, 91, 64, 
pa | , 8, 6, 4, 


16384, 


2048 4096 
1024, 


32 


11585, 


8192 
724, 
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129, 130 ... 255 


47415, 
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ERR LOC OBJECT LINE SOURCE STATEMENT 
; 448 
3B08 449 LOG TABLE: ;  16384%10#10G(n/128) — n=128,129,130 ... 256 
450 
3B08 00002A024F047006 451 DCW 0, 554, 1103, 1648, 2190, 2727, 3260, 3789 
3B18 DA10E312E914KA16 452 DCW 4314, 4835, 5353, 5866, 6376, 6883, 7386, 7885 
3B28 BD20A92292247826 453 DCW 8381, 8873, 9362, 9848, 10330, 10810, 11286, 11758 
3B38 C42F973166333335 454 DCW 12228, 12695, 13158, 13619, 14076, 14531, 14983, 15432 
3B48 063EC13F7A413043 455 DCW 15878, 16321, 16762, 17200, 17635, 18067, 18497, 18925 
3B58 954B3C4DDF4E8150 456 DCW 19349, 19772, 20191, 20609, 21024, 21436, 21846, 22254 
3B68 8458175AA85B365D 457 DCW 22660, 23063, 23464, 23862, 24259, 24653, 25045, 25435 
3B78 DEG46066E0675D69 458 DCW 25822, 26208, 26592, 26973, 27353, 27730, 28106, 28479 
3B88 B370247294730275 459 DCW 28851, 29220, 29588, 29954, 30318, 30680, 31040, 31399 
3B98 OB7C6E7DCF7E2F80 Dew 31755, 32110, 32463, 32815, 33165, 33512, 33859, 34203 
3BA8 F28647889B89EDBA 461 DCW 34546, 34887, 35227, 35565, 35902, 36236, 36570, 36901 
3BB8 7091B892FF934595 462 DCW 37232, 37560, 37887, 38213, 38537, 38860, 39181, 39501 
3BC8 8BOBC89C049E3E9F 463 DCW 39819, 40136, 40452, 40766, 41079, 41390, 41700, 42009 
3BD8 4CASTEAGAFA7DEAB 464 DCW 42316, 42622, 42927, 43230, 43533, 43833, 44133, 44431 
3BE8 B9AREOAFO7B12CB2 465 DCW 44729, 45024, 45319, 45612, 45905, 46196, 46486, 46774 
3BF8 D6B7F4B811BA2DBB 466 DCW 47062, 47348, 47633, 47917, 48200, 48482, 48763, 49042 
3C08 ASCO 467 DCW 49321 
| 468 
3COA 469  10G_OFFSET ; §12#10*L0G(2*%(15-n)) n= 0,1,2,3 ... 15 
470 ; 512#10*L0G(0.5) n= 16,17,18 ... 31 
471 
3COA 4F5A4A54454E3F48 472 DCW 23119, 21578, 20037, 18495, 16954, 15413, 13871, 12330 
3C1A 252A20241A1E1518 473 DCW 10789, 9248, 7706, 6165, 4624, 3083, 1541, 0 
A474 
3C2A 475 END 


ASSEMBLY COMPLETED, NO ERROR(S) FOUND. 
270189-44 


The BASIC program is used as comments in the 
ASM96 program. Some of the variables in the ASM96 
program have slightly different names than their coun- 
ter-parts in the BASIC program. This was to make the 
comments fit into.the ASM96 code. Highlights in this 
section of code are a table driven square root routine 
and log conversion routine which can easily be adapted 
for use by any program. 


Both the square root routine and the log conversion 


routine use the 32-bit value in the variable TMPR. The . 


square root routine calculates the square root of that 
value in the variable SQRT+2, a 16-bit variable. In 
this program, the square root value is averaged and 
stored in a table. 


The log conversion routine divides the value in TMPR 
by 65536 (216) and uses table lookup to provide the 
common log. The result is a 16-bit number with the 
value 512 * 10 Log (TMPR/65536) stored in the vari- 
able LOG. This calculation is used to present the re- 
sults of the FFT in decibels instead of magnitude. With 
an input of 63095, the output is 512*48 dB. The graph 
program, (Section 10), prints the output value of the 
plot as INPUT/512 dB. 


The following descriptions of the ASM code point out 
some of the highlights and not-so-obvious coding: 


Lines 1-104 initialize the code and declare variables. 
The input and output arrays of the program are de- 
clared external. Note that many of the registers are 


overlayable, use caution when implementing this rou- 
tine with others with overlayable registers. 


Lines 116-124 calculate the power of W to be used. 
Note that KPTR is always incremented by 2. The mul- 
tiple right shift followed by the AND mask creates an 
even address and the indirect look to the BR (Bit Re- 
versal) table quickly calculates the power PWR. 


Lines 130-138 perform the complex multiplications. 
Since WIP and WRP range from — 32767 to + 32767, 
the multiplication is easy to handle. The automatic di- 


_ vide by two which occurs when using the upper word 


only of the 32-bit result is a feature in this case. 


Lines 144-163 use right shifts for a fast divide, then add 
or subtract the desired variables and store them in the 
array. Note that the upper word of TMPR and TMPI 
is used, and the same array is used for both the input 
and output of the operations. 


Lines 165-189 update the loop variables and then check 
for errors on the complex multiplications and addi- 
tions. If there are no overflows at this time the data will 
run smoothly through the rest of the program. 


Lines 200-212 load variables with values based on the 
bit reversed values of pointers. 


Lines 214-236 perform additions and subtractions to 
prepare for the next set of formulas. Note that XITMP 
and XRTMP are 32-bit values. 
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Lines 240-260 perform multiplies and summations re- 
sulting in 32-bit variables. This saves a bit or two of 
accuracy. The upper words are then stored as the re- 
sults. 


Lines 263-272 generate the squared magnitude of the 
harmonic component as a 32-bit value. 


Lines 278-310 calculate 10 Log (TMPR/65536). The 
32-bit register TMPR is divided by 65536 so that the 
output range would be reasonable. 


First, the number is normalized. (It is shifted left until a 
1 is in the most significant bit, the number of shifts 
required is placed in SHFT__CNT.) If it had to be 
shifted more than 15 times the output is set to zero. 


Next, the most significant BYTE is used as a reference 
for the look-up table, providing a 16-bit result. The next 
most significant BYTE is then used to perform linear 
interpolation between the referenced table value and 
the one above it. The interpolated value is added to the 
directly referenced one. 


The 16-bit result of this table look-up and interpolation 
is then added to the Log of the normalization factor, 
which is also stored in a table. This table look-up ap- 
proach works fast and only uses 290 bytes of table 
space. | 


Lines 321-357 calculate the square root of the 32-bit 
register TMPR using a table look-up approach. 


First, the number is normalized. Next, the most signifi- 
cant BYTE is used as a reference for the look-up table, 
providing a 16-bit result. The next most significant 
BYTE is then used to perform linear interpolation be- 
tween the referenced table value and the one above it. 
The interpolated value is added to the directly refer- 
enced one. 


The 16-bit result of this table look-up and interpolation 
is then divided by the square root of the normalization 
factor, which is also stored in a table. This table look- 
up approach works fast and only uses 320 bytes of table 
space. The results are valid to near 14-bits, more than 
enough for the FFT algorithm. 


Lines 352-360 average the magnitude value, if multiple 
passes are being performed, and then store the value in 
the array. The loop-counters are incremented and the 
process repeats itself. 


This concludes the FFT routine. In order to use it, it 
must be called from a main program. The details for 
calling this routine are covered in the next section. 


8.0 BACKGROUND CONTROL 
PROGRAM 


The main routine is shown in Listing 3. It begins with 
declarations that can be used in almost any program. 
Note that these are similar, but not identical, to other 
8096 include files that have been published. Comments 
on controlling the Analog to Digital converter routine 
follow the declarations. 
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MCS-96 MACRO ASSEMBLER -—*FFT_MAIN_APNOTE , 
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SERIES-III MCS-96 MACRO ASSEMBLER, V1.0 


SOURCE FILE: :F2:FTMAIN.A96 
OBJECT FILE: :F2: FTMAIN.OBJ 


CONTROLS SPECIFIED IN INVOCATION COMMAND: NOSB 


ERR LOC OBJECT 


o 
P Lan 
SSBISSSSRAS ESTHER E ERK SwmamdawnKa 


=] 

=1 

=] 

=] 

=] 

=] 

=] 

=] 

=] 

=] 

=] 

=] 
0000 =] 
0002 =1 
0002 =] 
0003 =] 
0003 =1 31 
0004 =1 32 
0004 =1 33 
0006 =1 34 
0006 =] 35 
0007 =] 36 
0008 =1 37 
0009 =1 38 
0011 =1 39 
0011 =l1 40 
000A =l1 41 


SOURCE STATEMENT 
$pagelength(50) 


FFT_MAIN. APNOTE MODULE MAIN, STACKSIZE(6) 
; Intel Corporation, January 24, 1986 
; by Ira Horden, MCO Applications 


; This program performs an FFT on real data and plots it on a printer. 
; It uses the program modules A2ZDCON, PLOTSP, and FFTRUN. The adjustable 
; parameters of each of the programs are set by this main module. 


$INCLUDE (:F0O:DEMO96. INC) ; Include SFR definitions 

;$nolist ; Turn listing off for include file — 

F bess ssostisstsesteescrretsttssttesttssstetstisttssttissctsttrtssrss ttt s ttt ttt 4 
Copyright 1985, Intel Corporation 


October 28,1985 
by Ira Horden, MCO Applications 


’ 
’ 
. 
’ 
’ 
. 
’ 
’ 
, 
° 
’ 


J 
ZERO EQU 


; DEMO96.INC - DEFINITION OF SYMBOLIC NAMES FOR THE I/O REGISTERS OF THE 8096 


KEEKAAKAAAERAKEREEAEEAAESEAE AA EAAR ERE EER AER AK ERA EER AERA EAE ERE AEAE EAE ERE EAA ERES 


00h: WORD ; R/W Zero Register 
AD_COMMAND EQU 02H:BYTE ; W A to D command register 
AD_RESULT_LO EQU 02H: BYTE ; R Low byte of result and channel 
AD_RESULT_HI EQU 03H: BYTE ; 2 High byte of result 
HSI MODE EQU 0O3H:BYTE : W Controls HSI transition detector 
HSO_TIME EQU 04H:WORD . W HSI time tag 
HSI_TIME EQU 04H:WORD ; R HSO time tag 
HSO_COMMAND EQU 06H: BYTE . W  HSO command tag 
HSI_STATUS EQU O6H:BYTE . 2 HSI status register (reads fifo) 
SBUF EQU 07H:BYTE ; R/W- Serial port buffer 
INT_MASK EQU 08H: BYTE ; R/W Interrupt mask register 
INT_PENDING EQU O9H:BYTE ; R/W- Interrupt pending register 
SPCON EQU  11H:BYTE : W Serial port control register 
SPSTAT EQU 11H:BYTE ; R Serial port status register 
WATCHDOG EQU OAH:BYTE ; W Watchdog timer 


270189-45 


eSe-l2 
(penujUuoD) euynoy uUjeWw—_ Bulys!7 


MCS-96 MACRO ASSEMBLER 


ERR LOC OBJECT 
000A 
000Cc 
000E 
000E 
ooor 
0010 
0015 
0015 
0016 
0016 
0017 
0018 


000D 
OO0A 


0007 
0010 
0028 


0001 


FFT_MAIN_APNOTE 02/18/86 PAGE 
LINE SOURCE STATEMENT - 
=1 42 #«®\TIMERI] _ EQU  OAH:WORD : R Timerl register 
= 43 TIMER2 EQU OCH:WORD ; R Timer2 register 
= 44 PORTO EQU OEH:BYTE OR I/O port 0 
= 45 BAUD_REG EQU OEH: BYTE ; W Baud rate register 
= 46 PORT1 EQU OFH: BYTE ; R/W I/O port 1 
= 47 PORT2 EQU 3 10H: BYTE ; R/W- I/O port 2 
= 48  Ioco EQU 15H: BYTE ‘ W 1/0 control register 0 
= 49 Ioso EQU 15H: BYTE as |! I/O status register 0 
=1 50 #£«®I0Cl EQU  16H:BYTE “ W 1/0 control register 1 
= 51 I0s1 EQU 16H:BYTE ; R I/O status register 1 
= 52 PWM_CONTROL EQU 17H: BYTE : W PWM control register 
= 53. SP EQU 18H:WORD ; R/W System stack pointer 
= 54 
= 55 CR EQU ODH 
= 56 LF EQU OAH 
= 57 


BISREBVRSSSITARISASBRIRRESRLSSS 


PUBLIC ZERO, AD_COMMAND, AD_RESULT_LO,AD_RESULT_HI,HSI_MODE,HSO_TIME,HSI_TIME 
PUBLIC HSO_COMMAND 

PUBLIC HSI_STATUS,SBUF, INT_MASK, INT PENDING, WATCHDOG, TIMER], TIMER2 

PUBLIC BAUD_REG, PORTO, PORT1, PORT2,SPSTAT,SPCON, IOCO, I0C1, IOSO, IOS1 
PUBLIC PWM_CONTROL, SP,CR, LF 


RSEG at 1CH 
AX DSW 1 ; Temp registers used in conformance 
DX DSW 1 ; with PIM-96(tm) conventions. 
BX DSW 1 
Cx DSW 1 
AL EQU AX : BYTE ‘ 
AH EQU (AX+1) :BYTE 
BL EQU BX : BYTE 


public ax, bx, cx, dx, al, ah, bl 


$list ; Turn listing back on 
; End of include file 


; A2D UTILITY COMMANDS/RESPONSES FOR "CONTROL_A2D"” 


busy equ 7 
con_b0 equ 00010000b; convert to BUFFO 
dump_b0O_p s equ 00101000b; download BUFFO as PAIRED SIGNED data 


AVR_NUM equ 1 ; Number of times to average the waveform 


; AVR_NUM < 256 


2 
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MCS-96 MACRO ASSEMBLER FFT_MAIN_APNOTE : 02/18/86 PAGE 3 


ERR LOC OBJECT LINE SOURCE STATEMENT 
89 
0000 90 SCALE FACTOR equ 0 ; Number of rights shifts performed on 
91 ; output of FFT. Used to prevent overflow 
92 ; on summation 
93 
0100 94 PLOT_RES equ 256 ; Number of input units per plot unit J 
0080 95 PLOT_RES 2 equ plot_res/2 ; 
9100 96 PLOT_MAX equ plot_res*145 ; 145 chrs/row 
97 ae 
98 PUBLIC scale factor, plot_res, plot_res_2, plot_max 
99 
100 : 
0024 101 OSEG at 24H ; Common oseg area 
102 
0024 103 tmpreal: dsl 1 
0028 104 tmpimag: dsl 1 
002c ; 105 wndptr: dsw 1 
002E 106 varptr: dsw 1 
107 
0000 : 108 RSEG 
0000 ' 109 fft_mode: dsb 1 
0001 110 error: dsb 1 
0002 lll avr_cnt: B dsb 1 
112 PUBLIC error, fft_mode 
113 
114 EXTRN sample period, control_a2d 
115 
116 
0080 — 117 DSEG at 80h 
0080 118 XREAL: ; For FFT routine 
0080 119 DEST_BUFF_BASE: DSW 64 ; For A2D routine 
00co a XIMAG equ XREAL+64 ; For FFT routine 
12 
122 PUBLIC DEST_BUFF_BASE, XREAL, XIMAG } 
123 
124 
0200 125 DSEG AT 200H 
126 
0200 127 PLOT_IN: 
0200 128 FFT_OUT: DSW 32 ; For FFT routine 
0240 129 BUFFO_BASE: DSW 64 ; For A2D routine 
02c0 130 BUFF1_BASE: _ DSW 64 ; For A2D routine 
131 
132 PUBLIC BUFFO_BASE, BUFF1_BASE, FFT_OUT, PLOT_IN 
133. $e ject 
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MCS-96 MACRO ASSEMBLER 02/18/86 
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$eject 


ERR LOC OBJECT : SOURCE STATEMENT 
134 ' 
2080 135 CSEG AT 2080H 
136 - 
137 EXTRN INIT_OUTPUT, DRAW_GRAPH, CON_OUT ; For Plot Routine 
138 EXTRN FFT_CALC ; For FFT routine 
139 EXTRN A2D_BUFF_UTIL ; For A2D routine 
140 ‘ 
2080 A1000018 R 141 LD SP, #STACK he 
2084 A30100301C 142 LD AX, 3000H - 
2089 143. =SBE_WAIT: 
2089 EOICFD 144 djnz _._ al, sbe_wait ; WAIT FOR SBE TO CLEAR SERIAL PORT INTERRUPTS 
208C EOIDFA 146 djnz ah, sbe_wait 
146 
208F EFO000 E 147 BEGIN: CALL INIT_OUTPUT ; Initialize serial port 
148 
2092 , 149 NEW_TRANSFORM SET: , - 
2092 B10000 R 150 ldb fft_mode,#0000B _; Bit 0 - Real data / Tabled data# 
151 ° ; Bit 1 -— Windowed / Unwindowed# 
152 ; Bit 2 - 10log Mag*2 / Magnitude# — 
; 153 ; Bit 3 — 256%db plot / Normal Plot# 
2095 B10102 R 154 ldb avr_cnt,#avr_num ’ 
2098 0120 155 clr bx 
209A C321000200 156 CLRRAM: st zero, fft_out[bx] ; clear fft magnitude array 
209F 65020020 157 add bx, #2 a 
20A3 89400020 158 cmp bx, #64 
20A7 DEF1 159 blt CLRRAM 
‘te 160 : eA ag 
20A9 300004 R 161 C_load: bbe fft_mode,0,do_tab > Branch if real data is not used 
20aC 2819 162 CALL ~=—s LOAD_DATA 
20AE 2002 163 br C_win 
164 
20B0 282F 165 do_tab: CALL TABLE _LOAD 
166 te : 
20B2 310002 R 167 C win: bbc fft_mode,1,calc ; Branch if windowing is not used 
20B5 28CB 168 CALL DO_WINDOW : 
; 169 ge 
20B7 EFOO00 E 170 CALC: CALL  FFT_CALC 
20BA 980001 R 171 errtrp: cmpb error, zero 
.20BD D7FB 172 jne errtrp 
: 173 
20BF B00205 R 174 DJINZ avr_cnt, LOAD_DATA ; repeat for AVR_NUM counts 
175 ' ; , 
20C2 EFOOO0O E 176 CALL DRAW_GRAPH 
177 
20C5 27CB 178 BR NEW_TRANSFORM_SET 
179 
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20C7 B1000F 


20CA 

20CA B11000 
20CD 910100 
20D0 A1320000 


20D4 EFOO00 
20D7 3FOOFD 


20DA 

20DA B12800 
20DD EFOOOO 
20E0 FO 


20E1 

20E1 0120 

20E3 Al02211C 
20E7 A21D22 
20EA A21D1E 
20ED C321800022 
20F2 C321C0001E 
20F7 65020020 
20FB 89400020 
20FF DEEG 

2101 FO 


2102 


2102 FFVFFF7FFF7FFF7F 
2112 FF7FFF7FFFUFFFUF 
2122 FFUFFF7FFF7FFF7F 
2132 FF7FFF7FFF7FFFUF 
2142 0180018001800180 
2152 0180018001800180 
2162 0180018001800180 
2172 0180018001800180 


FFT_MAIN_APNOTE 


LINE SOURCE STATEMENT 
1.0 3S -  —-- 
181 LOAD DATA: isa 
182 
183 ldb port1,#00 
184 
185  SET_A2D: 
E 186 ldb control _a2d,#con_b0 
E 187 orb control_a2d, #01 
E 188 ld sample period, #50 
189 
E 190 CALL a2d_buff_util 
E 191 Jjbs control _a2d, busy, $ 
192 
193. Down_load: 
E 194 ldb control_a2d,#dump_b0 p s 
E 195 CALL a2d_buff_util 
196 RET 
197 
Ise 3 
199 TABLE LOAD 
200 elr bx 
201 ld ax, #DATAO 
202 ~= load: ld cx, fax]+ 
203 ld dx, [ax]+ 
204 st cx, xreal [bx] 
205 st dx, ximag[bx] 
206 add bx, #2 
207 cmp bx, #64 
208 blt LOAD 
209 RET 
210 
211 #DATAO ; SQUARE WAVE 
212 
213. DCW 32767, 32767, 32767, 32767, 
214 DCW 32767, 32767, 32767, 32767, 
215 DCW 32767, 32767, 32767, 32767, 
216 DCW 32767, 32767, 32767, 32767, 
217 DCW 
218 DCW -32767, -32767, -32767, -—32767, 
219 DCW 
220 DCW 
221 
222 4 8$eject 


02/18/86 PAGE 


LOAD DATA INTO RAM 
;**** FOR INDICATION ONLY 
; Set converter for buffer0 
; Convert channel 1 
; 100 us sample period 


; Start the conversion process 
; wait for all conversions to be done 


; download b0 paired/signed 


; Load tabled data for testing 


32767, 32767, 32767, 32767 
32767, 32767, 32767, 32767 
32767, 32767, 32767, 32767 
32767, 32767, 32767, 32767 


-32767, -32767, -32767, -32767, -32767, -32767, -—32767, -—32767 
-32767, -32767, -32767, -32767 
-32767, -32767, -32767, -—32767, -—32767, -32767, —32767, —32767 
-32767, -32767, -32767, -32767, -32767, -—32767, -—32767, -32767 
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MCS-96 MACRO ASSEMBLER FFT_MAIN_APNOTE 


ERR LOC OBJECT 
2182 
2182 012C 
2184 012E 
2186 
2186 A32DBE211C 
218B A32DC02120 
2190 FE4F2F80001C24 
2197 FE4F2FC0002028 
219E 0D0124 
21Al 0D0128 
21A4 C32F800026 
21A9 C32FC0002A 
21AE 6504002C 
21B2 6502002E 
21B6 8940002E 
21BA D7CA 
21BC FO 


21BE 
21BR 00004F003B01C102 


21CE BF126617711CD421 
21DE 004045467C4C9352 


21EE 406D787136757078 


21FE FF7FBO7FC47E3E7D 
220E 406D99688E632B5E 
221E 0040BA3983336C2D 
222E BF12870EC9OA8FO7 
223E 0000 


SOURCE STATEMENT 


en ooo 


02/18/86 


PAGE 


varptr ; Windowing provides an effective 


; divide by 2 because of the multiply 
ax, hanning(wndptr] 


bx, hanning+2([wndptr] 
tmpreal, ax, xreal([varptr] 
tmpimag,bx,ximag[varptr) 
tmpreal+2,xreal(varptr] 
tmpimag+2,ximag[varptr] 


 wndptr, #4 


varptr, #2 | 
varptr, #64 
window 


; Windowing function 


79, $315, 705, 1247, 
5990, 7281, 8660, 10114, 
17989, 19580, 21139, 22653, 
29048, 30006, 30832, 31520, 
32688, 32452, 32062, 31520, 
26777, 25486, 24107, 22653, 
14778, 13187, 11628, 10114, 
3719, 2761, 1935, 1247, 


; Compensate for the divide by 2 


a,” 
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MCS-96 MACRO ASSEMBLER 


ERR LOC 
3D00 


3D00 
3D00 
3D10 
3D20 
3D30 
3D40 
3D50 
3D60 
3D70 


3D80 


3D80 
3D90 
3DAO 
3DBO 
3DC0 
3DD0 
3DEO 
3DFO 


3E00 


OBJECT 


0000335 1897DE270 
TEAST4F31C477C7A 
01800F9D08E7563C 
TEASSF809395D8DA 
OOOOCDAE77821E8F 
825A8COCE4B88485 
FF7FF162F818AAC3 
825A617F6D6A2825 


0000F555617FCF66 
OS5CF1F2BE270297C 
TEASB8F933519C7E 
BF8946C92825C96D 
018029A174F33F4C 
BF897C87AAC31A1F 
TEA528800F9D38ED 
O5CF4B8C848533BE 


OOOOCESCOF5AAF48 
5FDD7C 1LECF4FC857 
O03CO8FFB69398459 
65AC4FD945 1 ASE4D 
82A5F3BC21F7E835 
65ACCCAA5SD5FD15 
O3COSEA50CBAB9F2 
5FDD32AR67A97AD1 


0000FD04B40472FF 
00045CFE74FAG9FC 
58FA55FD2403A105 
00046A051A01A1FB 
000003FB4CFBS8E00 
O0FCA4018C059703 
AS05AB02DCFC5FFA 
OOFCOGFAEGFE5F04 


FFT_MAIN_APNOTE 02/18/86 


LINE SOURCE STATEMENT 

255 

256 CSEG AT 3D00H ; ADDITIONAL TABLES FOR TESTING 

257 ; SINE 7.0 X - 

258 DATAL 

259 DCW 0, 20787, 32137, 28898, 12539, -9512,-27245,-32609 
260 DCW ~23170, -3212, 18204, 31356, 30273, 15446, -6393,-—25329 
261 DCW -32767 ,-25329, -6392, 15446, 30273, 31356, 18204, -3212 
262 DCW -23170, -32609,-27245, -9512, 12539, 28898, 32137, 20787 
263 DCW -0,-20787 , -32137 ,-28898,-12539, 9512, 27245, 32609 
264 DCW 23170, 3212,-18204,-31356,-30273,-15446, 6393, 25329 
265 DCW 32767, 25329, 6392,-15446,-30273,-31356,-18204, 3212 
266 DCW 23170, 32609, 27245, 9612,-12539,-28898, -32137 , -20787 
267 

268 DATA2: ; SINE 7.5 X 

269 

270 ~=6DCwW 0, 22005, 32609, 26319, 6393,-16846,-31356,-—29621 
271 DCW -12539, 11039, 28898, 31785, 18204, -4808,-25329,-32728 
272 ~=DCW -23170, -1608, 20787, 32412, 27245, 7962,-15446,-30852 
273 «DCW -30273,-14010, 9512, 28105, 32137, 19519, -3212,-24279 
274 DCW ~—32767 ,-24279, -3212, 19519, 32137, 28105, 9512,-14010 
275 DCW _ -30273,-30852,-15446, 7962, 27245, 32412, 20787, -1608 
276 DCW -23170,-32728,-25329, -4808, 18205, 31785, 28898, 11039. 
277 = DCW -12539, -29621,-31356,-16845, 6393, 26319, 32609, 22005 
278 

279 = DATA3: ; -7O7*SINE 7.5X 

280 

281 DCW 0, 15558, 23055, 18607, 4520,-11910,-22169, -20942 
282 ~8865, 7804, 20431, 22472, 12870, -3399,-17908,-23138 
283 DCW -16381, -1137, 14697, 22916, 19262, 5629,-10921,-21812 
284 DCW -21403, -9905, 6725, 19870, 22721, 13800, -2271,-17165 
285 DCW -23166,-17165, -2271, 13800, 22721, 19870, 6725, -9905 
286 DCW -21403,-21812,-10920, 5629, 19262, 22916, 14696, -1137 
287 DCW -16381,-23138,-17908, -3399, 12871, 22472, 20431, 7804 
288 DCW 8865 , -20942,-22169,-11910, 4520, 18607, 23055, 15557 
289 

290 DATA4: ; - TO7*SINE(11x) /16 

291 

292 DCW 0, 1277, 1204, -142, -1338, -1119, 282, 1386 
293 DCW 1024, -420, -1420, -919, 554, 1441, 804, -683 
294 DCW -1448, -683, 804, 1441, 554, -919, -1420, -420 
295 «86DCW 1024, 1386, 282, -1119, -1338, -142, 1204, 1277 
296 DCW -0, -1277, -1204, 142, 1338, 1119, -282, -1386 
297 DCW -1024, 420, 1420, 919, -554, -1441, -804, 683 
298 DCW 1448, 683, -804, -1441, -554, 919, 1420, 420 
299 DCW -1024, -1386, -282, 1119, 1338, 142, -1204, -1277 
300 

301 DATAS: ; .707*(SINE 7.5X + 1/16 SINE 11X) 


PAGE 
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MCS-96 MACRO ASSEMBLER FFT_MAIN_APNOTE 02/18/86 PAGE 
Loc OBJECT LINE SOURCE STATEMENT 
- 302 
3F00 0000C0241C35E2148 303 DCW 0, 16834, 24259, 18465, 3182,-13029,-21886,-—19557 
3F10 5EE1D81C434A3154 304 DCW -7842, 7384, 19011, 21553, 13425, -1958,-17103,-23821 
3F20 SBBAESF88D3C245F 305 DCW ~17829, -1819, 15501, 24356, 19816, 4710,-12341,-—22232 
3F30 65BOBSDE5F1B3F49 306 DCW -20379, -8519, 7007, 18751, 21383, 13658, -1067,-15888 
3F40 82A5F6B76DF27636 307 DCW -23166,-18442, -3475, 13942, 24059, 20990, 6442,-11290 
3F50 65A870ACE4DA9419 308 DCW -22427,-21392, -9500, 6548, 18708, 21475, 13892, -454 
3F60 ABC548A8E8B618ED 309 DCW -14933 ,-22456, -18712, ~4840, 12317, 23391, 21851, 8225 
3F70 SFDSCBA84DA8D9D5 310 DCW ~9889, -22328, -22451,-10791, 5857, 18749, 21851, 14281 
‘ 311 : 
312 ; 
3F80 313. END ‘ 
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SERIES-III MCS-96 RELOCATOR AND LINKER, V2.0 
Copyright 1983 Intel Corporation 


INPUT FILES: :F2:FIMAIN.OBJ, :F2:FFTRUN.OBJ, :F2:PLOTSP.OBJ, :F2:A2DCON.OBJ 
OUTPUT FILE: :F2:FFTOUT 
CONTROLS SPECIFIED IN INVOCATION COMMAND: 

IX 


INPUT MODULES INCLUDED: 
:F2: FTMAIN.OBJ(FFT_MAIN_APNOTE) 02/18/86 
:F2: FFTRUN.OBJ(FFT_RUN) 02/18/86 
:F2:PLOTSP.OBJ(PLOT_SERIAL) 02/18/86 
:F2: AZDCON.OBJ(A2D_BUFFERING_UTILITY) 02/18/86 


SEGMENT MAP FOR : F2: FFTOUT(FFT_MAIN_APNOTE): 
TYPE LENGTH ALIGNMENT MODULE NAME 


**RESERVED* 001AH 
REG 0001H PLOT_SERIAL 
*ke GAP £KK 0001H ; 
REG 0008H FFT_MAIN_APNOTE 
OVRLY 0035H FFT_RUN 
*#OVERLAP*# OVRLY 0010H PLOT_SERIAL 
**OVERLAP** OVRLY 000CH FFT_MAIN_APNOTE 
*4kk GAP Ke 0001H 
OVRLY 0006H A2D. BUFFERING_UTILITY 
000CH A2D_BUFFERING_UTILITY 
0003H FFT_MAIN_APNOTE 
0011H 
0080H FFT_MAIN_APNOTE 
001EH 
0080H FFT_RUN 
0062H 
0140H FFT_MAIN_APNOTE 
1¢C2H 
0002H A2D_BUFFERING_UTILITY 
007CH 
01C0H FFT_MAIN_APNOTE 
0040H 
0215H FFT_RUN 
006BH 
0168H PLOT_SERIAL 
OOECH A2D_BUFFERING_UTILITY 
10ACH | ; 
042AH FFT_RUN 
OOD6H | 
0280H FFT_MAIN_APNOTE 
cO80H 
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Listing 3—Main Routine (Continued) 


21-259 


Several constants are then setup for other routines. The 
purpose of centrally locating these constants was the 
ease of modifying the operation of the routines. Note 
that AVR_.NUM and SCALE__FACTOR must be 
changed at the same time. SCALE_FACTOR is the 
shift count used to divide each FFT output value before 
it is added to the output array. AVR__NUM must be 
less than 2**SCALE__FACTOR or an overflow could 
occur. Next, the public variables are declared for the 
arrays and a few other parameters. 


The program then begins by setting the stack pointer 
and waiting for the SBE-96 to finish talking to the ter- 
minal. If this is not done, there may be serial port inter- 
rupts occurring for the first twenty five milliseconds of 
program operation. 


Initialization of the plotter is next, followed by setting 
the FFT_MODE byte. This byte controls the graph- 
ing, loading and magnitude calculation of the FFT 
data. Since FFT_.MODE is declared PUBLIC in this 
module, and EXTERNAL in the PLOT module and 
FFTRUN module, the extra bits available in this byte 
can be used for future enhancements. 


The next step is to clear the FFT output array. Since 
the FFT program can be set to average its results by 
dividing the output before adding it to the magnitude 
array, the array must be cleared before beginning the 
program. : 


Data is then loaded into into the FFT input array by 
the code at LOAD__DATA, or the code at TABLE__ 
LOAD, depending on the value of FFT_.MODE bit 0. 
The tabled data located at DATAO is a square wave of 
magnitude 1. This waveform provides a reasonable test 
of the FFT algorithm, as many harmonics are generat- 
ed. The results are also easy to check as the pattern 
contains half zeros, imaginary values which are always 
the same, and real values which decrease. Figure 13 
shows the output in fractions, hexadecimal and deci- 
mal. The hexadecimal and decimal values are based on 
an output of 16384 being equal to 1.00. 


Note that the magnitude is 
SQR (REAL2 + IMAGZ2) 
and the dB value is 


10 LOG ( (REAL2 + IMAG2)/65536 ) 


AP-275 


The divide by 65536 is used for the dB scale to provide 
a reasonable range for calculations. If this was not 
done, a 32-bit LOG function would have been needed. 


After the data is loaded, the data is optionally win- 
dowed, based on FFT__MODE bit 1, and the FFT pro- 
gram is called. Once the loop has been performed 
AVR__CNT times, the graph is drawn by the plot rou- 
tine. 


Appended to the main routine is the FFTOUT.M96 
Listing. This is provided by the relocator and linker, 
RL96. With this listing and the main program, it is 
possible to determine which sections of code are at 
which addresses. 


Using the modular programming methods employed 
here, it is reasonably easy to debug code. By emulating 
the program in a relatively high level language, each 
routine can be checked for functionality against a 
known standard. The closer the high level implementa- 
tion matches the ASM96 version, the more possible 
checkpoints there are between the two routines. 


Once all of the program routines (modules) can be 
shown to work individually, the main program should 
work unless there is unwanted interaction between the 
modules. These interactions can be checked by verify- 
ing the inputs and outputs of each module. The assem- 
bly language locations to perform the program breaks 
can be retrieved by absolutely locating the main mod- 
ule. The other modules can be dynamically located by 
RL96. ¥ 


The more interactive program modules are, the more 
difficult the program becomes to debug. This is espe- 
cially true when multiple interrupts are occurring, and 
several of the interrupt routines are themselves inter- 
ruptable. In these cases, it may be necessary to use de- 
bugging equipment with trace capability, like the 
VLSiCE-96. If this type of equipment is not available, 
then using I/O ports to indicate the entering and leav- 
ing of each routine may be useful. In this way it will be 
possible to watch the action of the program on an oscil- 
loscope or logic analyzer. There are several places with- 
in this code that I/O port toggling has been used as an 
aid to debugging the program. These lines of code are 
marked “FOR INDICATION ONLY.” 
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Figure 13. FFT Output for a Square Wave Input 


9.0 ANALOG TO DIGITAL 
CONVERTER MODULE 


The module presented in Listing 4 is a general purpose 
one which converts analog values under interrupt con- 
trol and stores them in one of two buffers. These buffers 


can then be downloaded to another buffer, such as the 
input buffer to the FFT program. During downloading, 
this module can convert the data into signed or un- 
signed formats, and fill a linear or a paired array. A 
paired array is like the one used in the FFT transform 
program. It requires N data points placed alternately in 
two arrays, one starting at zero and the other at N/2. 
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MCS-96 MACRO ASSEMBLER A2D_BUFFERING_UTILITY 02/18/86 PAGE 


SERIES-III MCS-96 MACRO ASSEMBLER, V1.0 


SOURCE FILE: :F2:A2DCON.A96 
OBJECT FILE: :F2: A2DCON.OBJ 


CONTROLS SPECIFIED IN INVOCATION COMMAND: NOSB 


ERR LOC OBJECT 


fo 
| 
abe to i) CO Go G G 9 & ff 00ND ee ee ee ee 


SOURCE STATEMENT 
$pagelength(50) 


A2D Buffering Utility module stacksize(12) 


; Intel Corporation, July 16, 1985 
; by Dave Ryan, Intel Applications Engineer 


; This utility fills a memory buffer with A/D conversion results. The 
; conversions are done under interrupt control, and are initiated when 
; A2D_BUFF_Util is called. The results of the conversions are placed 
in one of two buffers, called BUFFO and BUFF]. 


This utility provides options for the selection of the buffer lengths, data 
; format, sample period, conversion channel and time base. The utility also 

; has a donwload routine that will load either buffer into a register file 

; buffer. Output formats can also be chosen for the downloaded buffer. The 

; data can be formatted as signed or unsigned linear or paried arrays. 


; 
’ 
’ 
ry 
% 
; 
, 
, 
, 
, 
RUN-TIME OPTIONS 

’ 

; Rather than use the STACK to pass controls, this utility gets its directions 
; from 2 control words in memory. The utility expects that its control words 
; are valid at the time A2D_BUFF_Util is called and remain valid throughout 

; A/D interrupt executions and downloads. The control words are: 

, 
, 
’ 
’ 
, 
’ 
’ 
, 


‘Semple_Period ; WORD ; The time between samples in timer counts 
; where the timer used has been specified 


Control_A2D ; BYTE ; Control information for the utility: 
BIT# 


Channel Number 

Signed Result/Unsigned Result# 
Convert /Download# 
BUFF1/BUFFO# for conversions 
BUFFO/BUFF1# for downloads 
Linear/Paired# 


0-2 
3 
4 
§ 
6 
7 Converter BUSY/IDLE# 


we we we we we we we 


$EJECT 
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MCS-96 MACRO ASSEMBLER A2D_ BUFFERING UTILITY 02/18/86 PAGE 
ERR LOC OBJECT LINE SOURCE STATEMENT 
42 ° ‘ 
43 } The following is a table of equates that can be used to simplify the 
44 ; bit diddling requirements. If you are not running conversions concurrently 
45 ; with downloads, always LDB Control_A2D with the following command then 
46 ; ORB Control_A2D with the channel number you wish to convert if you are 
47 ; starting a conversion. 
48 ; 
49 ; Once the utility is called, care must be taken when Control_A2d is 
50 ; modified. You can cause downloads to occur while conversions are running, 
51 ; but you cannot start conversions during a download. To do this, ORB to the 
52 ; control byte with the appropriate bits set. Do NOT change the BUFF bit or 
53 ; the BUSY bit. Just set the download bit and set the data format bits to the 
Ee ; correct values. ss 
56 ; The BUFF bit has opposite definitions for conversions and downloads. This 
57 ; allows conversions to be done into BUFFO while downloads come from BUFF1, and 
58 ; vice versa. 
69 ; 
60 ; A2D UTILITY COMMANDS 
61 ‘ 
62 ;con_b0 equ 00010000b; convert to BUFFO 
63 ;con_bl equ 00110000b; ° BUFF1 
A; 
65 ;dump bO lu equ 01100000b; download BUFFO as LINEAR USIGNED data 
66 ;dump bl_lu equ 01000000b;  _” tf Ra 4 o - 
67 ;dump_b0 pu equ 00100000b; ” BUFFO “ PAIRED ” - 
68 ;dump bl pu equ 00000000b;  ” BUFF1 ” = . “ 
69 ;dump b0 1s equ 01101000b; download BUFFO as LINEAR SIGNED data 
70 ;dump bl ls equ 01001000b; 94 BUFF1 ”" '¥ vd i! 
71 ;dump_b0O p s equ 00101000b; BUFFO " PAIRED " ” 
72 ;dump bl_ps equ 00001000b; ” BUFFl ” ” “ 
a4 BRE SS el CR oe ee ae ee ee 
74 $eject 
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MCS-96 MACRO ASSEMBLER A2D_BUFFERING_UTILITY 02/18/86 PAGE 3 wi piest Cl 
: Ataita 
ERR LOC OBJECT LINE SOURCE STATEMENT ene 
75 hot ee tia, 
76  ; ASSEMBLY-TIME OPTIONS bevels 
77 P mx a: 
78 ; The base addresses and length of each conversion buffer and the destination ard ie 
79 ; buffer are DECLARED EXTRNal in this utility. Other options such as selection ‘ Alon 
80 ; of the timer used as a timebase, the length of the buffer, and the effective Leet sa! a 
81 ; number of bits in the reported result are set at assembly time through use Sartre 
82 ; of EQUates in this module. se 
83 : ! Be); a 
84 ; The following parameters need to be provided at assembly or link time. 25 a 
85 ; The buffer bases are declared EXTRNal by this utility, while the buffer Bean es 
86 ; length shift count and HSO commands are EQUated. : r ea 
io Teh he 
88 ; BUFFO_BASE ; The starting address of BUFFO ; Ariat ae i. 
$o 3 BUFF1_ BASE ; The starting address of BUFF1 RT 
90 ; DEST_BUFF_BASE ; The starting address of the download . a 
91 ; ; target buffer. ; : a 
92; eae 
93; BUFF_LENGTH ; The number of SAMPLES that each Aa 
94 «=; ; buffer must hold. must be >1 and <256 Pyaar “hil 
95 de 
96 : Shift_count ; The number of times that the conversion result is > ee alec 
= ; to be shifted right from its natural left justified me | oa a 
$8 FC; 3; Position. Setting a shift count greater than 6 will . bois 
99 - ; result in lost bits to the right. Rounding is NOT S OP aim 
100 So; ; done. an Sera, 
Ji} a " 
102. —; CLOCK ; Specify as either TIMER] or T2CLK. This is the , at 
103 - ; timebase used for conversions. i 
104; 
106 —C Semples are stored as words in the buffers. The program stores 
106 ; conversions linearly in BUFFO and BUFF1, and linearly or paired in the 
107 ; destination buffer as selected. If the download is to be paired, the first 
108 ; sample is placed in location DEST_BUFF_BASE, the second sample is placed in 
109 ; location (DEST_BUFF_BASE + BUFF_LENGTH), the third in (DEST _BUFF_BASE + 2), 
110 ; the fourth in (DEST_BUFF_BASE + 2 + BUFF_LENGTH), etc. 
111 . 
112. $eject 
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MCS-96 MACRO ASSEMBLER  A2D_BUFFERING_UTILITY : eet. 02/18/86 PAGE 4 


ERR LOC OBJECT LINE SOURCE STATEMENT J 
| ike | CS : 
114 ;NOTES ON EXECUTION 
(o). ae + 
116 ; When a utility call directs the initiation of a set of A2D conversions, the 
117 +; first conversion is begun at approximately one sample time plus 50 state 
118 ; times from when the utility was called. This assumes that no interrupts are ‘ 
119 ; present. 
121 ; The conversion busy bit is set approximately 50 state times after a call 
122 ; to the utility, if the convert bit was set in the A2D Control byte. The . 
a 123. +; busy bit is cleared after all conversion results have been stored in the 
- 124 = ; result buffer designated (BUFFO or BUFF1). 
= 128. “3 ioe 7 
a 126 ; Take great care in modifying the A2D Control byte to do a download while 
127 +; conversions are taking place. You can never download a buffer that is 
128 ; being converted into. The results would be invalid. 
> 129. $eject 
a é ; 270189-57 
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MCS-96 MACRO ASSEMBLER A2D_BUFFERING_UTILITY 02/18/86 PAGE 5 
ERR LOC OBJECT LINE SOURCE STATEMENT 
130 
0000 131 RSEG 
132 


133 EXTRN BUFFO_BASE, BUFF1_BASE, DEST_BUFF_BASE 
134  EXTRN ad_command, ad_result_lo, ad_result_hi 
135 EXTRN hso_command, hso_time,sp 


136 
0040 137 BUFF_LENGTH EQU 64 
0001 138 Shift_Count EQU 1 
000A 139 CLOCK EQU TIMER1 
140 
141 ; set up hso commands for correct timer *#XSEKXKEEKAEKKKEREASAEAEAAAALERES 
142 ; 
000A 143. TIMER] equ OAH 
000c 144 T2CLK equ OCH 
145 
0000 146 MASK equ (10h*CLOCK) AND (40h) 
147 
OooF : 148 Start_A2D equ (00001111b)OR(MASK) 
149 ;start a2d based on timer 1, no interrupt 
150 
0000 151 HSO_0 Low equ (00000000b )OR(MASK) . 
: 152 ; make hso.0 low based on timerl no interrupt 
153 
0020 154 HSO 0 High equ (00100000b )OR(MASK) " 
155 ; make hso.0 hi based on timerl no interrupt 
156 : 
157 
158 ; set up storage EEKKKEKERAARAAASERKRAAAAEEERAAAE ERE R AKER AEA RE REE ERE EEE 
159 
0000 160 adudtemp0: DSW 1; temp register for download calls 
161 
0002 162 aductemp0: DSW 1; temp registers for conversion calls 
0004 163 aductempl: DSW i ie 
0006 164 top_of_buffer: DSW 1 
0008 165 sample_count: DSB 1 
166 
0009 _ 167 Control_A2D: — DSB 1; the byte that controls the utility execution 
0003 168 ; DForm equ 3 ; Signed/Unsigned# 
0004 169 Con_Dwn equ 4 ; Convert/Download# 
0005 170 BO_Bl equ 5 ; Buffl/Buff0# for conversions 
171 ; Buff0/Buffl# for downloads 
0006 172 Lin_Par equ 6 ; Linear/Paired# r 
0080 173 Busy equ 10000000B oh Se i 
174 = $e ject 
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MCS-96 MACRO ASSEMBLER A2D_BUFFERING_UTILITY 02/18/86 PAGE 


ERR LOC OBJECT 


000A 


LINE 
175 


176 . 


177 
178 
179 
180 
181 
182 
183 
184 
185 


SOURCE STATEMENT 


Semple Period: DSW 1; the word that specifies the number of clock ticks 
_ 3 that elapse between each sample 


PUBLIC Control_A2D, Sample Period 


OSEG 
src_ptr: DSW 1; some overlayable temp registers 
temp set src_ptr: WORD 
dest_ptr: DSW - 1 
loop_count: DSW 1 
CSEG at 2002h 
PUBLIC A2D_DONE_Vector 


DCW A2D_DONE_Vector 


CSEG 
PUBLIC A2D BUFF_Util 
Load_HSO_ Command MACRO var | : ; Macro to load HSO 
LDB hso_coumand, #var 
» 2a hso_time, aductemp0 
ENDM 
$eject 


pas 
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MCS-96 MACRO ASSEMBLER 
ERR LOC OBJECT 
0000 


3 

OO0E A1000002 
0012 B14004 
0015 3E091D 


0018 180104 


001B 

001B A20000 
OO1E C20200 
0021 65400002 
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0025. A20000 
0028 C20200 
002B 69400002 


002F E004E9 
0032 280D 
0034 FO 


0035 
0035 A20000 
0038 C20200 


003B E004F7 


OO3E 2801 
0040 FO 


A2D_BUFFERING_UTILITY 02/18/86 PAGE 
LINE SOURCE STATEMENT 
207 
208 A2D_BUFF_Util: 
209 
R 210 JBS Control_A2D, Con_Dwn, Convert ; Select convert or download 
211 Download: 
E 212 LD src_ptr,#BUFF1_BASE 
R 213 JBC Control_A2D, BO_Bl, Set_Data_ Format 
214 
215 Download_BUFFO: 
E 216 LD src_ptr,#BUFFO_BASE 
217 
218 
219 Set_Data_ Format: ; Choose linear or paired 
E 220 LD dest_ptr, #DEST_BUFF_BASE 
R 221 LDB loop_count , #BUFF_LENGTH 
R 222 JBS Control_A2D, Lin_Par, Linear_data_loop 
223 
224 
R 225 PAIRED: SHRB loop_count, #1 ; The paired data routine uses 1/2 
226 ; as many loops as the unpaired 
227 +=Paired_Data_loop: 
R 228 ID adudtemp0, [src_ptr]+ ; Move even word 
R 229 ST adudtemp0, [dest_ptr] 
R 230 ADD dest_ptr,#BUFF_LENGTH ; Length = # of words = 1/2 # of bytes 
231 
R 232 LD adudtemp0, [src_ptr]+ ; Move odd word 
R 233 ST adudtemp0, [dest_ptr]+ 
R 234 SUB dest_ptr,#BUFF_LENGTH 
235 
R 236 DJINZ loop_count, Paired_Data_loop ; Loop until done 
237 
238 CALL Convert_Data 
239 RET 
240 
241 
242 += Linear_Data_loop: ; Move data linearly 
R 243 LD adudtemp0, (src_ptr]+ 
R 244 ST adudtemp0, [dest_ptr]+ 
245 . 
R 246 DJINZ loop_count, Linear Data_loop ; Loop until done 
247 
248 CALL Convert_Data 
249 RET 
250 eject 
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0041 A1400004 
0045 A1000000 


0049 A20000 
004C 710000 
004F 330909 


0052 
0052 69E07F00 


0056 0A0100 
0059 2003 


005B 
005B 080100 


0065 

0065 F2 

0066 918009 
0069 B13F08 
006C A1000006 
0070 A1800004 
0074 350908 


0077 A1000006 
007B A1800004 


A2D_BUFFERING_UTILITY 02/18/86 
LINE SOURCE STATEMENT 
251 
252 Convert_Data: ; Convert the data in the destination buffer 
263 
R 264 LD loop_count , #BUFF_LENGTH 
E 255 LD src_ptr,#DEST_BUFF_BASE 
256 
R 257 Again: LD adudtemp0, (src_ptr] 
R 258 ANDB adudtemp0 , #11000000b 
R 259 JBC Control_A2D, DForm, Unsigned_Result 
260 
261 Signed Result: 
R 262 SUB adudtemp0 , #7fe0H 
R 263 SHRA adudtemp0 , #Shift_Count 
264 BR Replace Sample 
265 
266 Unsigned Result: ' 
R 267 SHR adudtemp0, #Shift_Count 
268 
269 Replace Sample: 
R 270 st adudtemp0, [src_ptr]+ 
R 271 DJINZ loop_count , Again ; Loop until done 
272 
273 RET 
274 
275 
276 Convert: >; Prepare to Start Conversions 
277 
278 PUSHF 
279 
R 280 ORB Control_A2D, #Busy ; set converter busy bit 
281 
R 282 LDB semple_count,#BUFF_LENGTH -— 1 
E 283 LD top_of_buffer , #BUFFO_BASE , 
E 284 LD aductemp1,#(BUFFO_BASE + 2*BUFF_LENGTH) 
285 
R 286 JBC Control_A2D, BO Bl, Start_Conversions 
E 287 LD top_of_buffer, #BUFF1_BASE 
E 288 LD aductemp] ,#(BUFF1_ BASE + 2*BUFF_LENGTH) 
289 $eject 
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MCS-96 MACRO ASSEMBLER A2D_BUFFERING_UTILITY 


ERR LOC OBJECT 
007F 
007F 51070900 
0083 440A0A02 


00A2 C800 


LINE 

290 

291 

292 

293 

294 

R 295 
296 

297 

298 

299 

303 

R 304 
305 

306 

310 

311 

R 312 
313 

R 314 
315 

316 

320 

321 

R 322 
323 

324 

328 

329 

330 


SOURCE STATEMENT 


Start_Conversions: 
ANDB ad_command,Control_A2D,#00000111b 
ADD aductemp0, CLOCK, Sample Period 


Load_HSO_ Command Start_A2D 


POP temp 
Load_HSO_ Command HSO_0_ high 


OR temp, #202h 


ADD aductemp0,Sample_ Period - 


Load_HSO Command Start_A2D 


PUSH temp 
Load_HSO_ Command HSO_0_low 


POPF 
RET 


teject 


02/18/86 PAGE 


;load channel number 


;start first conversion 
;one sample time from 
; now 


; Start A2D at Time-aductemp0 


; get a copy of the pew 


set hso.0 high at conversion 
start time for external S/H 


; enable a2d interrupts 


; start second convertion one 
semple time from the first 


3; put pew back on stack 
; lower hso.0 for external S/H 


Glz-dV 
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MCS-96 MACRO ASSEMBLER 


ERR LOC OBJECT 
OOAC 


OOAC 
OQOAC F2 


OOAD C60600 
00B0 C60600 
00B3 51070900 


00B7 £00809 
OOBA 1708 


OOBC 880406 
OOBF DF26 
00Cl F3 
o00c2 FO 


00c3 


QOE3 DFO2 
OOS F3 
00E6 FO 


00E7 

O00E7 717F09 
OOEA F3 
OOEB FO 
OOEC 


ASSEMBLY COMPLETED, 


LINE 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 


ao UD AAA 


A2D_BUFFERING_UTILITY 


02/18/86 PAGE 


SOURCE STATEMENT 


CSEG 
A2D_ DONE Vector: 


POPF 
RET 


Sample Again: 
ADD 
CMP 


; A/D INTERRUPT ROUTINE 


ad_result_lo,[{top_of_buffer]+ 
ad_result_hi, (top_of_buffer]+ 
ad_coumand,Control_A2D,#00000111b ;load channel number 
sample count, Sample Again 

sample count 


top_of_buffer, aductempl ; Check top of buffer 
Top_of_buffers 


aductemp0, Sample Period ; Set next sample time 
top_of_buffer, aductemp1] ; ; Check top of buffer 
; for later jump 


Load_HSO_ Command Start_A2D 


Make _HSO high: 


sample_count,0,Make HSO High 


; wait 8 ‘atates after HSO load 


; Load for change of HSO to trigger S/H 


Load_HSO_ Command HSO 0 High ; Load for change of HSO to trigger S/H 


BE 
POPF 
RET 


Top_of_buffers: 
ANDB 
POPF 
RET 


NO ERROR(S) FOUND. 


Top_of_buffers 


Control_A2D,#NOT(Busy) ; Clear converter BUSY bit 


10 
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The listing contains a fairly complete description of 
what the program does. The block by block operations 
are shown below: 


Lines 1-198 describe the program, declare the variables 
and set up equates. Several of these variables are de- 
clared as overlayable, so the user needs to be careful if 
using this module for other than the FFT program. 


Lines 205-210 declare a macro which is used to load the 
HSO unit. This will be used repeatedly through the 
code. 


Lines 212-253 determine whether a conversion or 
download has been requested. If a download has been 
requested, the data is downloaded to the destination 
array as either paired or linear data. Paired data has 
been described earlier. 


Lines 255-278 contain a subroutine which converts the 
destination array to either signed or unsigned numbers. 
The numbers are also shifted right to provide the de- 
sired full-scale value as requested by SHIFT__ 
COUNT. 


Lines 279-334 initialize the conversion routine. HSO.0 
is toggled with the start of each routine so that an ex- 
ternal sample and hold can be used. The instructions in 
lines 308, 316, and 326 have been interweaved with the 
Load__HSO__Commands to provide the required 8 
state delays between HSO loadings. If this was not 
done, NOPs would have been needed. It is easier to 
understand the code if these lines are thought of as 
being gathered at line 326. 


Lines 337-353 are the actual A/D interrupt routine. 
The A/D results are placed BYTE by BYTE on the 
buffer, the A/D is reloaded, and then the number of 
samples taken is compared to the number needed. Note 
that the A/D command register needs to be reloaded 
even if the channel does not change. INCB on line 348 
is used to insure that the DJNZ falls through on the 
next pass (if sample__count is not reset). 


Lines 355-396 complete the routine. The HSO is set up 
to trigger the next conversion and provide the HSO.O 
toggle for an external sample and hold. Once again, the 
time between consecutive loads of the HSO is 8 states 
minimum. Note that this section of code has been opti- 
mized for speed by reducing branches to an absolute 
minimum and duplicating code where needed. 


This concludes the description of the A to D buffer 
module. In the FFT program, this module is run, then 
the FFT transform module, then the plot module. This 
allows variables to be overlaid, saving RAM space. The 
time cost for this is not bad, considering the printer is 
the limiting factor in these conversions. If more RAM 


: Se at rere 
co Tae een Nee ae 
ere ee 


° . 
. x 
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was provided, and the FFT was run with its data in 
external RAM, this module could be run simultaneous- 
ly with the other modules. 


10.0 DATA PLOTTING MODULE 


The plot module is relatively straight-forward, and is 
shown in Listing 5. After the declarations, which in- 
clude overlayable registers, an initialization routine is 
listed. This separately called routine sets up the serial 
port on the 8096 to talk to the printer. In this case, the 
port has to be set for 300 baud. 


A console out routine follows. This routine can also be 
called by any program, but it is used only by the plot | 
routine in this example. The write to port 1 is used to 
trace the program flow. The character to be output is 
passed to this routine on the stack. This conforms to 

PLM-96 requirements. 


Since all stack operations on the 8096 are 16-bits wide, 
a multiple character feature has been added to the con- 
sole out routine. If the high byte it receives is non-zero, 
the ASCII character in that byte is printed after the 
character in the low byte. If the high byte has a value 
between 128 and 255, the character in the low byte is 
repeated the number of times indicated by the least sig- 
nificant 7 bits of the high byte. 


The print decimal number routine is next. It is called 
with two words on the stack. The first word is the un- 
signed value to be printed. The second byte contains 
information on the number of places to be printed and 
zero and blank suppression. This routine is not over- 
flow-proof. The user must declare a sufficient number 
of places to be printed for all possible numbers. 


The DRAW__GRAPH routine provides the plot. It 
first sends a series of carriage return, line feeds 
(CRLFs) to clear the printer and provides a margin on 
the paper. Each row is started with the row number, 2 
spaces, and a “+’’. Asterisks are then plotted until 


Number of asterisks > FFT Value / PLOT__RES 


Recall that PLOT__RES is a variable set by the main 
program. When the number of asterisks hits the desired 
value, the value of the line is printed. If the Decibel 
mode is selected, the line value is divided by 512 and 
printed in integer + decimal part form, followed by 
“dB”. If the number of asterisks reaches PLOT__ 
MAX, no value is printed. The next line is then started. 
A line with only a “!’’ is printed before the next plot 
line to provide a more aesthetic display on the printer. 
If a CRT was used, this extra line would probably not 
be wanted. 
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MCS-96 MACRO ASSEMBLER PLOT_SERIAL 
SERIES-III MCS-96 MACRO ASSEMBLER, V1.0 


SOURCE FILE: :F2:PLOTSP.A96 
OBJECT FILE: :F2:PLOTSP.OBJ 


02/18/86 PAGE 


CONTROLS SPECIFIED IN INVOCATION COMMAND: NOSB 


ERR LOC OBJECT 


> 
= 
CHOIHMHONHEA 


SOURCE STATEMENT 


$pagelength(50) 
PLOT_SERIAL MODULE STACKSIZE (6) 


. 
s 


Intel Corporation, December 12, 1985 
by Ira Horden, MCO Applications 


This program produces a plot on serially connected printer. The 
Maginitude of each of the 32 input values is plotted horizontally, with one 
"!" followed by a linefeed between each plot line. Each plot line starts 

.with a "+" and the entire plot begins with 3 line feeds and ends with a form 
feed. The values to be plotted are 32 unsigned words based at the externally 
defined pointer PLOT_IN. 


The routine INIT_OUTPUT must be run to set up the serial port when the 
system is turned on. CON_OUT can be used by a program to output to the 
serial port. DRAW_GRAPH is the routine that automatically plots the data. 


Sizing of the graph can be done using PLOT_RES, which determines how many 
units are needed for each dot, and PLOT_MAX, which is the maximum value the 
program will be passed. Note that (PLOT_MAX/PLOT_RES) defines the maximum 
number of columns the routine will print. 


RSEG 
EXTRN iocl, baud_reg, spcon, spstat, sbuf, portl 
EXTRN zero, ax, bx, cx, dx, FFT_MODE 
sptmp: dsb 1 
OSEG at 24H 
value: dsl 1. 
’ divisor: dsl 1 
xptr: dsw 1 
yptr: dsw 1 
xval: dsw 1 
log_val dsw 1 
DSEG 
EXTRN PLOT_IN 
geject 


1 
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PLOT_SERIAL 


aegerssessasegsesesaasane 


img eH : aga Ju Saar at ae herent 
: . a “Rs ane Pe 
02/18/86 PAGE 2 
SOURCE STATEMENT 
at 2500H 3333 PROGRAM MODULE BEGINS 
PUBLIC INIT_OUTPUT, CON_OUT, DRAW GRAPH ; 
EXTRN PLOT_RES, PLOT_RES_2, PLOT_MAX 
INIT_OUTPUT: ; INITIALIZE SERIAL PORT 
7 db ioc], #00100000B ; set p2.0 to txd 
baudval  equ—s«G2A ; 624=300 baud (at 12 MHz) 
Bend high emu {Coon val 1)/256) 08 80H ; set for XTAL1 clock 
ldb  _—rdbaud_reg, #baud_low 
ldb —baud_reg, #baud_high 
ldb  — spcon, #01001001b ; enable reciver mode 1 
ldb  — sptmp, 001000008 ; set TI-tmp 
ne er 
viet 270189-65 
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MCS-96 MACRO ASSEMBLER 
ERR LOC OBJECT 


2510 

2510 Ccoo 
2512 ccoo 
2514 3FO1IC 
2517 980001 
251A DF17 


251C 900000 
251F 3500FA 
2522 71DF00 
2525 900000 


2528 BO00000 
252B B00100 
252E 1101 

2530 717F00 


2533 1701 

2535 717F01 
2538 900000 
253B 3500FA 
253E 71DF00 
2541 3900000 


2544 B00000 
2547 EOOIEE 
254A E300 


PLOT_SERIAL 


LINE 


81 


02/18/86 PAGE 
SOURCE STATEMENT 

. CONSOLE OUT ROUTINE 
Call with a word parameter on stack. The low byte has the character 
: to be sent. If the high byte has a value between 81H and 8FEH, the 
: character is repeated 1 to 126 times respectively. One repeat means 
4 that the character will be printed 2 times. If the high byte contains 
; a value between 1 and 7FH, the charater represented by that value will 
; be printed after the character in the low byte. If the high byte 
; contains a value of zero only the low byte will be printed. 
CON_OUT: 

pop ax ; cx contains the calling adress 

pop dx 

jbs dx+1,7,onechr ; If bit 7 is set print one character 

cupb dx+1, zero 

Je onechr ; if highbyte=0 print one character 
twochr: orb sptmp,spstat ; wait for TI 

Jjbc sptmp,5, twochr 

andb sptmp,#11011111b ; clear TI-tmp 

orb zero,spstat ; remove possible false TI 

Idb sbuf, dx 

ldb dx, dx+1 ; Load second character 

clrb dx+1 ; clear count byte 

andb dx, #07FH ; mask MSB 
onechr: incb dx+1 

andb dx+1, #7FH 
waitl: orb ‘sptmp,spstat ; wait for TI 

Jjbc sptmp,5,waitl] 

andb sptmp, #11011111b ; clear TI-tmp 

orb zero, spstat ; remove possible false TI 

ldb sbuf, dx 

DJINZ dx+1,waitl 

BR [ax] ; Effectively a RET 
$eject 
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MCS-96 MACRO ASSEMBLER PLOT_SERIAL 02/18/86 PAGE 4 ee 
ERR LOC OBJECT LINE SOURCE STATEMENT ee | 
inf. < h tart ae 
108s; PRINT DECIMAL NUMBER ROUTINE ae al 
109 a 
110 ; Call with two words on stack. The first is the value to be printed. ples. as 
‘ te The second has mode information in the low byte. eric e 
112 : MODE: 000 = supress all zeros seat ae 
113; 001 = print all numbers oat Sted 
114; 010 = supress all zeros except rightmost et 
116; lxx = do not print leading blanks Me 
moe. 3 
US ne The high byte of the 2nd word = 2x the number of places to be printed as 
118 =. 
119 a 
264c 120 PRINT_NUM: ; Send Decimal number to CON_OUT oat 
254C CCOO E 121 pop cx a, 
254E CCOO E 122 pop bx ; bx is mode byte, bx+l is divisor pointer > 
2550 ACO100 E 123 Idbze dx,bx+l or. 2 
2553 A300962528 E 124 ld divisor, divtab [dx] ae 
2558 CC24 125 pop value : re 
255A 126 div_loop: pe 
255A 0126 127 elr value+2 a 
256C 8C2824 128 diva value, divisor ; divide ax,dx by divisor PEK MR 
255F 380017 E 129 Jjba bx,0,chr_ok ; print character regardless of value 0 a 
2562 980024 E 130 cupb value, zero ' 
2565 D70F 131 jne non_0 ; jump if value is non zero Le 
2567 132 = Val_0: ; Value is zero gi 
2567 310003 E 133 Jjbc bx, 1,prntsp ; Print space instead of 0 
256A 38280C 134 jbs divisor ,0,chr_ok ; If in rightmost position print 0 
256D 3A0015 E 135 prntsp: jbs bx, 2, cont ; Do not print space if bit is set re: 
2570 AlF00024 136 ld value, #0FOH ; OFOh+30h = 20H = space are 
2574 2003 137 br chr_ok io 
138 ant 
2576 910100 E 139 non_0: orb bx, #0001B ; Set flag so 0’s will be printed % + 
2579 65300024 140 =chr_ok: add value, #30h ; 30h + n = 0 to 9 ascii oY, BS 
257D 617F0024 141 and value, #7Fh ; send least sig seven bits, clear upper word = 
2581 C824 142 push value Swarr 
2583 2F8B 143 call con_out ; output ascii result (result<9) re 
2585 A02624 144 cont: tld value,value+2 ; load value with remainder re. 
2588 012A 145 clr divisor+2 e. 
258A 8D0A0028 146 divu divisor, #10 ; next lower power of ten henge. 
258E 880028 E 147 cup divisor, zero \ SA iN 
2591 D7C7 148 jne div_loop a 
2593 149 div_done: a 4 
2593 E300 E 150 br [cx] Noa rage 
151 ae 
2596 152 DIVTAB: ; Number of places for result ine - 
2596 000001000A006400 153 0, 1, 10, 100, 1000, 10000 ; divisor table - 10*m ae rage pi 
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MCS-96 MACRO ASSEMBLER PLOT_SERIAL 02/18/86 PAGE 5 
ERR LOC OBJECT LINE SOURCE STATEMENT 
154 
165 \ 
156 
157 
25A2 158 DRAW GRAPH: ; Graph drawing routine 
25A2 C90D00 159 push #0dh 
25A5 2F69 160 call con_out 
25A7 CS90A82 161 push #820AH aes Clear 3 lines 
254A 2F64 162 call CON_OUT 
25AC C90000 163 push #00 
25AF 2F5F 164 call CON_out 
165 
25B1 012C 166 clr xptr 
25B3 0130 167 elr xval 
25B5 168 NXT_ROW: 
25B5 C9OD0A 169 push #0A0DH ; CRLF 
25B8 2F56 170 call CON_OUT 
25BA C90000 171 push #00H >; nul 
25BD 2F61 172 call CON_OUT 
173 
25BF C830 174 push xval 
25C1 C9020A 175 push #(OA00H or 0010b) ; supress all zeros except rightmost 
25C4 2F86 176 call PRINT_NUM 
177 
25C6 C92020 178 push #2020H ; Print 2 spaces 
25C9 2F45 179 call CON_OUT 
25CB C92B00 180 push #2BH H 
25CE 2F40 181 call con_out 
- 182 
25D0 Al00002E E 183 ld yptr,#PLOT_RES 2 ; PLOT_RES 2 = PLOT_RES/2 
184 ; PLOT_RES is defined 7 lines down 
185 
25D4 186 NXT_COL: ; Next Column 
25D4 8B2D00002E E 187 cup yptr,PLOT_IN(xptr] 
25D9 D911 188 jh PRT_NUM 
25DB 189 PRT_MK: ; Print Mark 
25DB C92A00 190 push #2AH 
25DE 2F30 191 call CON_OUT 
25E0 192 INC_CNT: 
25E0 6500002E E 193 add yptr,#PLOT_RES ; PLOT_RES = number of inputs per output point 
25E4 8900002E E 194 cup yptr,#PLOT_MAX ; PLOT_max = maximum line length 
25E8 DIEA 195 jnh nxt_col 
25EA 204F 196 br NXTLN 
197 $eject 
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MCS-96 MACRO ASSEMBLER 
ERR LOC OBJECT 


25EC 
25EC 8900002E 
25F0 DF49 


25F2 C92020 
25F5 2F19 
25F7 3B000B 


25FA 

25FA CB2D0000 
25FE CS000A 
2601 2F49 
2603 2036 


2605 


2605 A32D00002E 


260A 08012E 
260D AC2F00 


2610 C800 
2612 C9020A 
2615 2F35 
2617 C9ZE00 
261A 2EF4 


261C BO2E01 
261F 1100 


2621 6DE60300 
2625 370102 
2628 0700 


262A C800 
262C C90106 
262F 2F1B 
2631 C92000 
2634 2EDA 
2636 C96442 
2639 2ED5 


SOURCE STATEMENT 


PRT_NUM: 


$eject 


yptr,#PLOT_RES 2 
NXTLN 


#2020H 
con_out 


FFT_MODE, 3, db_mode 


PLOT_IN[xptr] 
#(OAOOH or OO000B) 
PRINT_NUM 

NXTLN 


yptr,plot_in[{xptr] 
yptr, #1 
ax, yptr+1 


ax 
#(QA00H or 0010B) 
PRINT_NUM 

#2EH 

con_out 


axt+l,yptr ; 
ax ; 


ax, #3E6H - 
axt+1,7,no rnd 
dx H 


dx 3; dx=axt+2 
#(600H or 0001B) 
Print_num 

#20H : 
con_out 

#42648 ;: 
con_out 


* 
02/18/86 PAGE 6 ae 
hae 
ee 
pea 
; If value is less then minimum needed ns 
for a plot, do not print value Cece 
oa 
; print 2 spaces then value 1 “oe y 
ale ae 
ls se Bs, 
hee 
a ie a 
; ay 
; supress all zeros Ti 
a a 
eri 
way 
; PLOT_IN = 512*10%L0G(x) : ites 
; yptr=265 * 10L0G(x) aes 
; ax= 1OLOG(x) = yptr/256 Bog ae 
Ssdtthe 
; Print AX iene 
; supress all but rightmost zero. : ends <. 
ti 
; Decimal point “a 4 
on Fae 
high byte of ax = fractional portion of +5 eh, 7 
10L0G(x) 
if ax=FFOOH then ax+2 now = 998 decimal ee 
* ih 
round value up oh a 
is 
; print all numbers to three places . ean 
bith: a 
space tae 
"dp" “a 


= 


3 ¢ 
Aya on 
3, Se 


a 


ot 
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MCS-96 MACRO ASSEMBLER PLOT_SERIAL 


ERR LOC OBJECT 


ASSEMBLY COMPLETED, 


LINE SOURCE STATEMENT 
240 
241 
242 NXTLN: push #0A0DH 
243 call CON_OUT 
244 push #00H 
245 call CON_OUT 
246 push #8620H 
247 call CON_OUT 
248 push #21H 
249 call con_out 
250 
251 inc xval 
252 add xptr, #2 
253 cmp Ps 
254 ! ble nxt_row 
255 
256 Done: push #0A0DH 
257 call CON_OUT 
258 push #0CO0H 
259 call con_out 
260 
261 RET 
262 END 


NO ERROR(S) FOUND. 


02/18/86 


Setup for next line 


CRLF 


nul 


Start printing next row 


CRLF ; 


; null, FF 


Form feed for next graph 


PAGE 


270189-70 


At the end of the plot, a form feed is given to set the 
printer up for the next graph. Our printer would fre- 
quently miss the character after a CRLF. To solve this 
problem, a null (ASCII 0) is sent after every CRLF to 
make sure the printer is ready for the next line. This 
has been found to be a problem with many devices run- 
ning at close to their maximum capacity, and the nulls 
work well to solve it. 


With the plot completed, the program begins to run 
again by taking another set of A to D samples. 


11.0 USING THE FFT PROGRAM 


The program can be used with either real or tabled 
data. If real data is used, the signal is applied to analog 
channel 1. The program as written performs A/D sam- 
ples at 100 microsecond intervals, collecting the 64 
samples in 6.4 milliseconds. This sets the sampling win- 
dow frequency at 156 Hz. If tabled data is used, 64 
words of data should be placed in the location pointed 
to by DATAO in the TABLE__LOAD routine of the 
Main Module. 


Program control is specified by FFT_.MODE which is 
loaded in the main module. Also within the main mod- 
ule are settings which control the A to D buffer routine 
and the Plot routine. The intention was to have only 
one module to change and recompile to vary parame- 
ters in the entire program. 


AP-275 


The program modules are set up to run one-at-a-time so 
that the code would be easy to understand. Additional- 
ly, the Plot routine takes so long relative to the other 
sections, that it doesn’t pay to try to overlap code sec- 
tions. If this code were to be converted to run a process 
instead of print a graph, it might be worthwhile to run 
the FFT and the A/D routines at the same time. 


If the goal of a modified program is to have the highest 
frequency sampling possible, it might be desirable to 
streamline the A/D section and run it without inter- 
ruption. When the A to D routine was complete the 
FFT routine could be started. The reasoning behind 
this is that at the fastest A/D speeds the processor will 
be almost completely tied up processing the A/D infor- 
mation and storing it away. Using an interrupt based 
A/D routine would slow things down. 


A set of programs which will perform a FFT has been 
presented in this application note. These programs are 
available from the INSITE users library as program - 
CA-26. More importantly, dozens of programing exam- 
ples have been made available, making it easier to get, 
started with the 8096. Examples of how to use the hard- 
ware on the 8096 have already appeared in AP-248, 
“Using The 8096”. These two applications notes form a 
good base for the understanding of MCS-96 microcon- 
troller based design. 


21-280 


. * ai - . ‘ emis “ —_ + 7 i hr « i 

Tae, eet a a» i yee # ee Pine , is 
ihe a hn erree a es $3 = . fo RA ee . pale 9-507 aS ees 

‘ oe fh Sale BO ae 42h. Fee ae See ce = ou wee 

; td a ns ee RR Ser ie. pen hr oe § 

Z a a aa Tie 5 ele LARS era ¥ + 
. ee Se eee Sp -s 
AT " os \ = se ba - f : 


oot, 5h Oe a te ae aaah Rea thee Bs 
ets ASSET RES BENE 2 
am hee Ses here - 
. yer ee ee Fi ge ; veep IP SSE Sn rad ee x 
7 aes : Pt ie = te ed > . « - ee. +751 — oi, Te Ve “o 
pow. P ) Z é Akg 


~ AP-275, 


12.0 APPENDIX A - MATRICES 


Matrices are a convenient way to express groups of 
equations. Consider the complex discrete Fourier 
Transform in equation 9, with N = 4. 

3 


Yn = >: x00 wer n= 0,1,2,3 
k=0 
This can be expanded to 
Y¥(0) = X(0) W9 + X(1) WO + X(2) WO + X(3) WO 
Y¥(1) = X(0) WO + X(1) W1 + X(2) W2 + X(3) WS 


Y¥(2) = X(0) WO + X(1) W2 + X(2) W4 + X(3) WE 
Y(3) = X(0) WO + X(1) W3 + X(2) WE + X(3) W9 


In matrix notation, this is shown as 


Y(0) wo wo wo wo _X(0) 
Y¥(1) | — | WO Wt w2 ws X(1) 
Y (2) af wo w2 wW4 W6 X(2) 
Y(3) wo w3 Wé w9 X(3) 


The first step to simplifying this is to reduce the center 
matrix. Recalling that : 


The matrix can be reduced to have less non-trivial mul- 
tiplications. 


Y(0) : ie 1 1 X(0) 
Y(1) Me 1 W! W2 ws X(1) 
Y (2) 1 W2 WO Ww2 X(2) 
Y(3) 1 W3 W2 Ww! X(3) 
The square matrix can be factored into 
Y(0) 1W°0O 0 10W° 0 X(0) 
3 a W20 0 01 0 WO X(1) 
Y(1) 00 1W! 10W2 0 X(2) 
Y(3) 00 1W3 01 0 W2 X(3) 


For this equation to work, the Y(1) and Y(2) terms 
need to be swapped, as shown above. This procedure is 
a Bit Reversal, as described in the text. 


Multiplying the two rightmost matrices results in 


X(0) + X(2) WO 
X(1) + X(3) W9 requiring 4 complex multiplications 


X(0) + X(2) W3 & 4 complex additions 
X(1) + X(3) W2 
Noting that WO = —W2, 2 of the complex multiplica- 


tions can be eliminated, with the following results 


X(0) + X(2) WO 
X(1) + X(3) WO 
X(0) — X(2) WO 
X(1) — X(3) WO 


requiring 2 complex multiplications 
and 4 complex additions 


Since W! = —W3, a similar result occurs when this 
vector is multiplied by the remaining square matrix. 
The resulting equations are: 


¥(0) = (X(0) + X(2) W9) + WO (X(0) + X(3) WO) 
Y¥(2) = (X(0) + X(2) WO) — WO (X(1) + X(3) W9) 
Y¥(1) = (X(0) — X(2) W°) + W1 (X(1) — X(3) W0) 
Y¥(3) = (X(0) — X(2) W®) — W1 (X(1) — X(3) W0) 


The number of complex multiplications required is 4, as 
compared with 16 for the unfactored matrix. 


In general, the FFT requires 


N * EXPONENT 


5 complex multiplications 


and 


N * EXPONENT complex additions 
where 
EXPONENT = Logo N 


A standard Fourier Transform requires 


N2 complex multiplications 


and 
N(N— 1) complex additions 
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13.0 APPENDIX B - PLOTS 


The following plots are examples of output from the 
FFT program. These plots were generated using tabled 
data, but very similar plots have also been made using 
the analog input module. Typically, a plot made using 
the analog input module will not show quite as much 
power at each frequency and will show a positive value 
for the DC component. This is because it is difficult to 
get exactly a full-scale analog input with no DC offset. 


Plot 1 is a Magnitude plot of a square wave of period 
NT. 


Plot 2 is the same data plotted in dB. Note how the dB 
plot enhances the difference in the small signal val- 
ues at the high frequencies. 


Plot 3 shows the windowed version of this data. Note 
that the widening of the bins due to windowing 
shows energy in the even harmonics that is not 
actually present. For data of this type a different 
window other than Hanning would normally be 
used. Many window types are available, the selec- 
tion of which can be determined by the type of 
data to be plotted.3 


Plot 4 shows a sine wave of period NT/7 or fre- 
quency 7/NT. 


Plot 5 shows the same input with windowing. Note the 
signal shown in bins 6 and 8. 


Plot 6 shows a sine wave of period NT/7.5. Note the 
noise caused by the discontinuity as discussed ear- 
lier. 


Plot 7 uses windowing on the data used for plot 6. Note 
the cleaner appearance. 


Plot 8 shows a sine wave input of magnitude 0.707 and 
period NT/7.5. 


Plot 9 shows same input with windowing. 


Plot 10 shows a sine wave of magnitude 0.707/16 and 
period NT/11. 


Plot 11 shows the same input with windowing. Note 
that there is no power shown in bins 10 and 12. 
This is because at 6 dB down from 3 dB they are 
nearly equal to zero. 


Plot 12 uses the sum of the signals for plots 8 and 10 as 
inputs. Note that the component at period NT/11 
is almost hidden. 


Plot 13 uses the same signal as plot 12 but applies win- 

' dowing. Now the period component at NT/11 can 

easily be seen. The Hanning window works well in 

this case to separate the signal from the leakage. If 

the signals were closer together the Hanning win- 

dow may not have worked and another window 
may have been needed. 
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Plot 2—Decibel Plot of Squarewave 
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Plot 3—Plot of Squarewave with Window 
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Plot 4—Sin (7.0X) without Window 
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Plot 5—Sin (7.0X) with Window | oe 
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Plot 11—0.707/16 * Sin (11X) with Window 
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8096 SOFTWARE DEVELOPMENT PACKAGES 


m@ Choice of Hosts = Supports All Members of the MCS-96 
MCS®-96 Software Support Package Family 
m C-96/196 Software Package m PL/M-96 Software Package 


8096 ASSEMBLER PACKAGE 


m Symbolic relocatable assembly @ Extends Intellec® Microcomputer 
language programming for the 8096 Development System to support 
microcontroller family — 8096 program development 

m System Utilities for Program Linking m Encourages modular program design 
and Relocation for maintainability and reliability 


The 8096 Software Support Package provides development system support for the 8096 family of 16-bit single 
chip microcomputers. The support package includes a macro assembler and system utilities. 


The assembler produces relocatable object modules from 8096 macro assembly language instructions. The 
object modules then are linked and located to absolute memory locations. 


The assembler and utilities run on PC DOS 3.0 IBM* PC XT/AT Systems. 
RL-96 ABSOLUTE FACTORY 
coon ff "(Seer 
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230613-1 
Figure 1. 8096 Software Development Process 


*IBM is a registered trademark of International Business Machines Corporation. 


October 1987 
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3 de ge : oe | t a : es Tors ee SS * 
intel 8096 SOFTWARE DEVELOPMENT PACKAGES 
8096 MACRO ASSEMBLER 
m Gives Symbolic Access to Powerful m= Symbolic Assembier Supports Macro 
8096 Hardware Features Capabilities, Cross Reference, Symbol 


m Object Files are Linkable and Locatable Table and Conditional Assembly 


ASM-96 is the macro assembler for the MCS family of microcontrollers, including the 800196. ASM-96 trans- 
lates symbolic assembly language mnemonics into relocatable object code. Since the object modules are 
linkable and locatable, ASM-96 encourages modular programming practices. 


The macro facility in ASM-96 allows programmers to save development and maintenance time since common 
code sequences only have to be done once. The assembler also provides conditional assembly capabilities. 


ASM-96 supports symbolic access to the many features of the 8096 architecture. An “include” file is provided 
with all of the 8096 hardware registers defined. Alternatively, the user can define any subset of the 8096 
hardware register set. | 

Math routines are supported with mnemonics for 16 x 16-bit multiply or 32/16-bit divide instructions. 


The assembler runs on a PC-DOS 3.0 IBM PC XT/AT. 


RL96 LINKER AND RELOCATOR PROGRAM 


m Links Modules Generated by m Encourages Modular Programming for 
ASM-96, C-96, and PL/M-96 Faster Program Development 

m Locates the Linked Object Module to = Automated Selection of Required 
Absolute Memory Locations Modules from Libraries to Satisfy 


Symbolic References 


RL96 is a utility that performs two functions useful in MCS-96 software development: 
— The link function which combines a number of MCS-96 object modules into a single program. 


— The locate functions which assigns an absolute address to all relocatable addresses in the MCS-96 object 
module. 


RL96 resolves all external symbol references between modules and will select object modules from library 
files if necessary. 


RL96 creates two files: 
— The program or absolute object module file that can be executed by the targeted member of the MCS-96 
family. 


— The listing file that shows the results of link/locate, including a memory map symbol table and an optional 
cross reference listing. 


The relocator allows programmers to concentrate on software functionally and not worry about the absolute 
addresses of the object code. RL96 promotes modular programming. The application can be broken down into 
separate modules that are easier to design, test and maintain. Standard modules can be developed and used 
in different applications thus saving software development time. 
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FPAL96 FLOATING POINT ARITHMETIC LIBRARY 


oe = py > 
S Pris oe 


DEVELOPMENT PACKAGES wt 


= Implements IEEE Floating Point = Supports Single Precision 32 Bit 
Arithmetic 3 Floating Point Variables 
m@ Basic Arithmetic Operations m@ Includes an Error Handler Library 


+, —, X, /, Mod Plus Square Root 


FPAL96 is a library of single precision 32-bit floating point arithmetic functions. All math adheres to the 
proposed IEEE floating point standard for accuracy and reliability. An error handler to handle exceptions (for 
example, divide by zero) is included. 


The following functions are included: 


ADD NEGATE 
SUBTRACT ABSOLUTE 
MULTIPLY SQUARE ROOT 
DIVIDE — INTEGER 
COMPARE REMAINDER 


LIB 96 


The LIB 96 utility creates and maintains libraries of software object modules. The customer can develop 
standard modules and place them in libraries. Application programs can then call these modules using prede- 
fined interfaces. 


LIB 96 uses the following set of commands: 
—CREATE: Creates an empty library file. 


—ADD: Adds object modules to a library file. 
—DELETE: Deletes object modules from a library file. 
—LIST: Lists the modules in the library file. 


—EXIT: Terminates LIB 96 


When using object libraries, RL96 will include only those object modules that are required to satisfy external 
references, thus saving memory space. 


ORDERING INFORMATION 


2 


OrderCode Operating Environment 
D86ASM96 96 Assembler for PC DOS 3.0 Systems 


Documentation Package: | SUPPORT: 

MCS-96 Macro Assembler User’s Guide Hotline Telephone Support, Software Performance 
MCS-96 Utilities User’s Guide Report (SPR), Software Updates, Technical Re- 
MCS-96 Assembler and Utilities Pocket _ ports, and Monthly Technical Newsletters are avail- 
Reference Card able. 


8096 Floating Point Arithmetic Library 
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8096 SO 


-TWARE DEVELOPMENT PACKAGES _ 


PL/M-96 SOFTWARE PACKAGE 


m@ Choice of Hosts m Resident on 8086 Intel Microcomputer 
m Block Structured Language Design midi Systems for Higher 
Encourages Module Programming erformance 


m Provides Access to 8096 on Chip & firme ? ralnyd Shy 


Resources 

m Produces Relocatable Object Code mw IEEE Floating Point Library included for 
which is Linkable to Object Modules Numeric Support 
Generated by Other 8096 Translators = Compatible with PL/M-86 Assuring 


Design Portability 


PL/M-96 is a structured, high-level programming language useful for developing software for the Intel 8096 
family of microcontrollers, including the 80C196. PL/M-96 was designed to support the software requirements 
of advanced 16 bit microcontrollers. Access to the on chip resources of the 8096 has been provided in 
PL/M-96. 


PL/M-96 is compatible with PL/M-86. Programmers familiar with PL/M will find they can program in PL/M-96 
with little relearning effort. 


The PL/M-96 compiler translates PL/M-96 high level language statements into 8096 machine instructions. By 
programming in PL/M an engineer can be more productive in the initial software development cycle of the 
project. PL/M can also reduce future maintenance and support cost because PL/M programs are easier to 
understand. PL/M-96 was designed to complement Intel’s ASM-96. 


PL/M-96 is available for PC DOS 3.0 based IBM PC XT/AT Systems. 
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Figure 2. PL/M-96 Software Package 
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8096 SOFTWARE : DEVELOPMENT aeons . 


PL/M-96 COMPILER 


FEATURES 


» Major features of the PL/M-96 compiler and pro- 
gramming language include: 


Structured Programming 


Programs written in PL/M-96 are developed as a 
collection of procedures, modules and blocks. Struc- 
tured programs are easier to understand, maintain 
and debug. PL/M-96 programs can be made more 
reliable by clearly defining the scope of user vari- 
ables (for example, local variables in a procedure). 
REENTRANT procedures are also supported by 
PL/M-96. 


Language Compatibility 


PL/M-96 object modules are compatible with all oth- 
er object modules generated by Intel MCS-96 trans- 
lators. Programmers may choose to link ASM-96 
and PL/M-96 object modules together. 


PL/M-96 object modules were designed to work 
with other Intel support tools for the MCS-96. The 
DEBUG compiler control provides these tools with 
symbolic information. 


Data Types Supported 


PL/M-96 supports seven data types for programmer 
flexibility in various logical, arithmetic and address- 
ing functions. The seven data types include: 


—BYTE: 8-bit unsigned number 
—WORD: 16-bit unsigned number 
—DWORD: 32-bit unsigned number 
—SHORTINT: 8-bit signed number 
—INTEGER: 16-bit signed number 
—LONGINT: 32-bit signed number 
—REAL: 32-bit floating point number 


Another powerful feature are BASED variables. 
BASED variables allow the user to map more than 
one variable to the same memory location. This is 
especially useful for passing parameters, relative 
and absolute addressing, and memory allocation. 


Data Structures Supported 


Two data structuring facilities are supported by 
PL/M-96. The user can organize data into logical 
groups. This adds flexibility in referencing data. 


— Array: Indexed list of same type data elements 


— Structure: Named collection of same or different 
type data elements 


— Combinations of Both: Arrays of structures or 
structures of arrays 


Interrupt Handling 


Interrupts are supported in PL/M-96 by defining a 
procedure with the INTERRUPT attribute. The com- 
piler will generate code to save and restore the pro- 
gram status word when handling hardware interrupts 
of the MCS-96. 


Compiler Controls 

Compile time options increase the flexibility of the 
PL/M-96 compiler. These controls include: 

— Optimization 

— Conditional compilation 


— The inclusion of common PL/M-96 source files 
from disk 


— Cross reference of symbols © 


— Optional assembly language code in the isting 
file 


21-301 


PO Re ne ee RT eee ae 
a” Oe Sa aee Pith area ae <2 = ie he 5 oa 
; So Aci Aree. Sy bs. Oa os paket ae: eee ae es a 
fie ge pe a ee”. ren eg eee a 
. pi > Son ks mt Y >: qa it 
, a ; F 
= s s 
Code Optimizations 


The PL/M-96 compilers has four levels of optimiza- 
tion for reducing program size. 


— Combination of constant expressions; “Strength 
reductions” (e.g.: a shift left rather than multiply 
by two) 

— Machine code optimizations; elimination of su- 
perfluous branches; reuse of duplicate code, re- 
moval of unreachable code 


— Overlaying of on chip RAM variables 
— Optimization of based variable operations 
— Use of short jumps where possible 


Built in Functions 


An extensive list of built in functions has been sup- 
plied as part of the PL/M-96 language. Besides 
TYPE CONVERSION functions, there are built in 
functions for STRING manipulations. Functions are 
provided for interrogating the MCS-96 hardware 
flags such as CARRY and OVERFLOW. 


Error Checking 


If the PL/M-96 compiler detects a programming or 
compilation error, a fully detailed error message is 
provided by the compiler. If a syntax or program er- 
ror is detected, the compiler will skip the code gen- 
eration and optimization passes. This powerful 
PL/M-96 feature can yield a two times increase in 
throughput when a user is in the initial program de- 
velopment cycle. 


BENEFITS 


PLM-96 is designed to be an efficient, cost-effective 
solution to the special requirements of MCS-96 Mi- 
crocontroller Software Development, as illustrated 
by the following benefits of PL/M use: 


Low Learning Effort 


PL/M-96 is easy to learn and to use, even for the 
novice programmer. 


Earlier Project Completion 


Critical projects are completed much earlier than 
otherwise possible because PL/M-96, a structured 
high-level language, increases programmer produc- 


tivity. 


8096 SOFTWARE DEVELOPMENT PACKAGES _ 


Lower Development Cost 


Increases in programmer productivity translate im- 
mediately into lower software development costs 
because less programming resources are required 
for a given programmed function. 


Increased Reliability 


PL/M-96 is designed to aid in the development of 
reliable software (PL/M programs are simple state- 
ments of the program algorithm). This substantially 
reduces the risk of costly correction of errors in sys- 
tems that have already reached full production 
status. The more simply the program is stated, the 
more likely it is to perform its intended function. 


Easier Enhancements 
and Maintainance 


Programs written in PL/M tend to be self-document- 
ing, thus easier to read and understand. This means 
it is easier to enhance and maintain PL/M programs 
as the system capabilities expand and future prod- 
ucts are developed. 


ORDERING INFORMATION 


Order Code 
D86PLM96 


Operating Environment 


PL/M-96 Compiler for PC DOS 3.0 
based Systems 


Documentation Package 


PL/M-96 User’s Guide 

MCS-96 Utilities User’s Guide 

MCS-96 Assembler and Utilities Pocket 
Reference Card 

8096 Floating Point Arithmetic Library 


SUPPORT 


Hotline Telephone Support, Software Performance 
Report (SPR), Software Updates, Technical Re- 
ports, and Monthly Technical Newsletters are avail- 
able. 


21-302 


o SR eS es or =i, p Ax x a “ see. = 
a ee r Ss oe ap a Ss eee ios — 
,., Fe, Raat o) 


VT i+... Won” 7 a os ss. 2°" eT —* . ars eK = >. wee ee * 
Sy a Le Re See ae ee eee Se eas Pee st e os, ae By aid 

Pawn Bs = “ = i > a x “ S 4 2 
Re it See ae z A ve 5 Sh 


“ees Se se 


“te rare: 
a 


intel gee 8096 SOFTWARE DEVELOPMENT PACKAGES 


C 96 SOFTWARE PACKAGE 


= Implements the Full Programming @ IEEE Floating Point Library (FPAL96) 
Capabilities of the C Language Included for Numeric Support 

= Complies with Draft ANSI Standard m= Supports All of the Standard C 

m Produces Relocatable Object Code Language I/O Library (STDIO) 
which is Linkable to Object Modules m Includes a Linking and Relocating 
Generated by Other MCS®-96 Utility, an Object-To-Hexadecimal 
Translators , Convertor, and a Library Manager 

m Produces High-Density Code That _ @ Supports the 80C196 Architecture 


Rivals Assembly in Efficiency 


m Fully Linkable with the PL/M-96 and 
ASM-96 Programming Languages 


Intel’s C 96 is a general purpose, structured programming language designed to support applications for the 
16-bit family of MCS-96 microcontrollers including the 800196. C 96 implements the C language as described 
in the Kernighan and Ritchie book, 7he C Programming Language (Prentice-Hall) Software Series, 1978). The 
latest enhancements to the C programming language as defined by the draft proposed ANSI C standard (e.g., 
structure assignments, and the void and enum data types) are supported. 


The C 96 compiler translates C 96 language statements into MCS-96 machine instructions. The compiler 


generates code in Intel’s relocatable Object Module Format (OMF) without using an intermediate assembly 
file. The OMF files can then be debugged using either the iSBE-96 emulator, the VLSICE-96 emulator, or the 


ICE-196 
RL-96 ABSOLUTE FACTORY 
LINKER/ OBJECT M a 
LOCATOR MODULE 


C 96 is available for the IBM PC AT and the PC XT 


pn SOURCE ASM-96/196 
Pa MODULES ASSEMBLER 


RELOCATABLE 
OBJECT 
MODULES 


[=~ | 1 [=~ | PROM 
PROGRAMMER 
PL/M-96/196 
COMPILER 
ICE-196, 
VLSICE 96 
EMULATORS 


USER 
OBJECT 
LIBRARIES 


LIB-96 
LIBRARIAN 
LEGEND EPAL-06 
FLOATING POINT 
INTEL DEVELOPMENT LIBRARY 
TOOLS AND OTHER 


PRODUCTS 


USER-CODED 
SOFTWARE 


iSBE 96 
EMULATOR 


O-E 
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Figure 3. 8096 Software Development Process 
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C 96 COMPILER: 


COMPILER DESCRIPTION 


Major features of the C 96 compiler include the pre- 
processor, the parser, and the code generator and 
optimizer. The code is output in Intel relocatable Ob- 
ject Module Format (OMF). The compiled code can 
then be debugged with either the iSBE-96 emulator 
or the VLSICE-96 emulator. 


The preprocessor interprets statements in the 
source code and performs such actions as macro 
expansion, file inclusion, and conditional compilation 
(for example, the #if directive, which specifies op- 
tional inclusion or exclusion of code). 


The parser performs syntactic and semantic error 
checking on the code. The code generator converts 
the parser’s output into efficient binary code. The 
optimizer streamlines the code and generates Intel 
relocatable OMF code, without creating an interme- 
diate assembly file. 


The compilers DEBUG/NODEBUG control option » 


specifies whether or not the object module should 
contain debug information. The debug information 
can be used to debug the compiled program using 
either the iSBE-96 emulator or the VLSICE-96 emu- 
lator. 


COMPILER FEATURES 


Some of the features of the C 96 compiler are: 
e Declarations 

e Expressions and operators 

e Statements 

e Run-time library (STDIO) 

¢ Compiler invocation 

¢ Output conventions 


Each of these features is discussed in the following 
sections. 


DECLARATIONS 


Declarations are used to specify the attributes of a 
set of identifiers. The scope of a declaration can en- 
compass the entire source file or be local to a func- 
tion body or block. 


The storage class specifier defines the location and 
scope. The storage classes are as follows: 


e auto active block 
e extern external data definition 
e static active data segment or register segment 


typedef a type definition (not storage allocation) 
that defines another name or a synonym 


The storage class can be further defined with one of 
the following storage class modifiers: 


@ const code segment 
e register machine register 


e volatile I/O port (modifies the extern storage 
class only) 


Identifiers are defined by their type. The types fall 
into one of the following categories: 


e basic — characters, integers, floating point 
numbers 

e derived arrays, structures, unions, enumera- 
tions, functions, and pointers 

® void empty set 


The type is further defined by the following type - 


specifiers: 


e char, short, int, long, signed, unsigned, float, dou- 
ble, struct, union, enum, and typedef 


EXPRESSIONS AND OPERATORS 


All of the C language expressions and operators are 
supported by Intel’s C 96 compiler. Table 1 is a sum- 
mary of the C operators, arranged in order of prece- 
dence (from top to bottom). Operator precedence 
within an expression is evaluated in the order of as- 
sociativity shown in Table 1. 


STATEMENTS 


A statement is a program element that specifies an 
action to be performed. The C language supports 
the following types of statements: 


e Simple any valid expression 


¢ Compound an optional list of variable declara- 
tions followed by a list of statements 
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e Selection an if or switch statement which is op- 
tionally included dependent on speci- 
fied conditions 

® Iteration ado, while or for statement which exe- 
cutes repeatedly until the controlling 
value is zero 

e Branching a break, continue, goto, or return 
statement which changes the program 
control flow 


Table 1. Precedence and Associativity 


Associativity 


primary [} (yu —_ left to right 

unary Pepe e takes. I FSS ee i esa right to left 
sizeof far 

binary mult. 

binary add 

binary shift 

binary relat. 

binary equal. 


left to right 
left to right 
left to right 
left to right 
left to right 
left to right 
left to right 
left to right 
left to right 
left to right 
right to left 
right to left 
right to left 
left to right 


logical AND | && 
logical OR 
conditional 


RUN-TIME LIBRARY (STDIO) 


Intel’s C 96 compiler supports the standard C lan- 
guage I/O library functions (STDIO). The include 
files listed in Table 2 are included with the C 96 com- 
piler. 


Table 2. C 96 Include Files 


| Name | Description 


ctype.h Used to declare and map characters. 
errno.h Used for error checking. 

setjump.h | Used to bypass a normal call/return. 
stdio.h Used for standard I/O functions. 
string.h Used to manipulate strings. 

time.h Used to manipulate the time and date. 


Character and arithmetic conversion functions are 
also included (atof, atoi, atol, cstr, tolower, toupper, 
and udistr). 
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COMPILER INVOCATION 


Intel’s C 96 compiler is invoked with the following 
general syntax: 


c96 pathname [controls] 


The following invocation controls are some of the 
options supported by the C 96 compiler. 


e Object file controls—DEBUG/NODEBUG, 
OBJECT, OPTIMIZE (0 through 3), REGIS- 
TERS, REGOVERLAY/NOREGOVERLAY, 
TYPE/NOTYPE 


e Listing controls (selection and content)—CODE/ 
NOCODE, COND/NOCOND, LIST/NOLIST, 
LISTINCLUDE/NOLISTINCLUDE, PREPRINT/ 
NOPREPRINT, SYMBOLS/NOSYMBOLS, 
XREF/NOXREF 


e Listing format controls—PAGING/NOPAGING, 
PAGELENGTH, PAGEWIDTH 


e Source inclusion control—INCLUDE 


The REENTRANT/NOREENTRANT extension has 
been added to the C 96 compiler invocation controls 
to enhance the compiler’s use of the MCS-96 archi- 
tecture. This extension enables the compiler to fully 
use the large register set of the MCS-96 family of 
microprocessors. When porting to programs in other 
environments, these keywords should be either re- 
moved or defined as null. 


Output Conventions 


The C 96 compiler produces a listing file and an ob- 
ject file. The listing file contains a formatted list of 
the source code and a list of compiler error mes- 
sages. The compiler produces the object file in In- 
tel’s relocatable OMF code directly, without creating 
an intermediate assembly file. 


BENEFITS 


There are many benefits to the C 96 compiler, as 
explained in the following sections. 


PROGRAM DEBUGGING 


With the DEBUG control the C 96 compiler produces 
extensive debug information, including symbols. The 
debug information can be used to debug the pro- 
gram code with either the VLSiICE-96 emulator or 
the iSBE-96 emulator. This serves to enhance pro- 
grammer productivity. 
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FASTER COMPILATION 


The C 96 compiler creates Intel object module for- 
mat (OMF) directly, without creating an intermediate 
assembly file. This increases the compiler’s execu- 
tion speed. | 


PORTABLE CODE 


Code portability has been designed into the C 96 
compiler. The C 96 code is fully linkable with both 
the PL/M-96 and the ASM-96 programming lan- 
guages. 


Because the compiler supports the standard C li- 
brary and produces Intel OMF code, programs de- 
veloped on a variety of machines can be transported 
to the MCS-96. In addition, because C 96 conforms 
to accepted C language standards, programmers 
can quickly begin programming the MCS-96. 


FULL MANIPULATION OF THE 8096 
MICROCONTROLLER | 


The C 96 compiler has been highly optimized for the 
MCS-96 architecture. The REENTRANT/NOREEN- 
TRANT control has been added so that the compiler 
can identify non-reentrant procedures. This is ex- 


‘tremely useful because it enables the programmer 


to have full access to the large MCS-96 register set. 
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With the C 96 compiler, the programmer can declare 
register variables that are not local to any proce- 
dure. Due to the large register set of the MCS-96 
architecture, the compiler can dedicate registers to 
such variables. 


SOFTWARE SUPPORT 


Intel’s Software Support Service provides mainte- 
nance on software packages with software support 
contracts which include subscription services, infor- 
mation phone support, and updates. Consulting 
services can be arranged for on-site assistance at 
the customer’s location for both short-term and 
long-term needs. For more information, contact your 
local Intel Sales Office. 


ORDERING INFORMATION 


Part Number Description 
D86C96 C 96 Software Package 


PL/M-96 packages also include the 
RL96 Linker and Relocator, the 
FPAL96 Floating Point Library, and 
the LIB96 librarian utility. 


Operating Environment 


IBM PC AT 
IBM PC XT 
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| iIDCX 96 | 
DISTRIBUTED CONTROL EXECUTIVE 


m@ High Performance, Real-time, mg Integral Task Management, Timing, 
Multitasking Executive interrupt and Message Passing 

m Full Support of MSC®-96 Services 
Microcontroller Family _ @ Reliable, Compact 2.9K bytes 

m@ Configurable for User Customization m Simple User Interface 


The iDCX 96 Distributed Control Executive is compact, configurable, easy-to-use software for developing and 
implementing applications built on the high performance 16-bit family of 8096 microcontrollers (MCS-96). As a 
real-time, multitasking nucleus, the iDCX 96 Executive enhances the users ability to efficiently design MCS-96 
microcontroller applications requiring handling of multiple asynchronous events, and real-time response. 


In addition to the features integrated into most microcontrollers (CPU, RAM, ROM, and I/O) the MCS-96 family 
provides analog to digital conversion, pulse width modulation, and high-speed |/O facilities. Some examples of 
applications well-suited to the feature set and performance of the 8096 microcontrollers are: motor control, 
medical instrumentation, automotive transmission control, and machine control. Using the iDCX 96 Distributed 
Control Executive in these environments will significantly reduce application development time and expense. 
The iDCX 96 Executive performs equally well in stand-alone applications as well as distributed applications. 
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Figure 1. iDCX 96 Distributed Control Executive System 
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ARCHITECTURE 


Real-time and Multitasking 


Real-time control systems must be responsive to the 
external environment and typically involve the exe- 
cution of more than one function (task or set of 
tasks) in response to different external stimuli. Con- 
trol of manufacturing process is an example. These 
processes can require the monitoring of multiple 
temperatures and pressures; control of heaters, 
fans, and motors all responding to many seemingly 
random inputs. The iDCX 96 Distributed Control Ex- 
ecutive fully supports applications requiring re- 
sponse to inputs as they occur ie., in real-time. Multi- 
ple tasks in control applications require real-time re- 
sponse. The iDCX 96 Executive helps the user im- 
plement these multitasking time-critical applications. 


Some of the executive’s facilities specifically tailored 
for developing and implementing standalone and 
distributed control systems are: task managment, 
timing and interrupt handling, and message passing. 
When integrated with communications software, the 
iDCX 96 Executive provides message passing to 
tasks on different microcontrollers. Response to the 
environment is guaranteed due to the event-driven 
nature of the executive. Interrupts, timers, or mes- 
sages can initiate tasks for proper system response. 


Task Management 


A task can be thought of as a block of code that 
performs a specific activity. This activity is one that 
can occur in parallel with other activities in the sys- 
tem. A task starts at a single point and executes 
indefinitely, usually in a loop. The iDCX 96 Execu- 
tive’s multitasking facility allows the user to partition 
system applications code into manageable activities 
or tasks. Each task competes for processor resourc- 
es. The executive provides all synchronization, con- 
trol, and scheduling to ensure each task gets the 
processor time it requires. A priority mechanism 
used by the executive determines when a task ac- 
cesses the processor. Up to 16 tasks can be man- 
aged by the executive. 


All tasks in an iDCX 96 Executive application are in 
one of three states as shown in Figure 2. For exam- 
ple, when an RQ WAIT system call is made, the call- 
ing task becomes ASLEEP until one of the events 
upon which it is waiting occurs. These events can be 
messages, timeouts, time intervals, or interrupts. 
When an event occurs the task becomes READY or 
RUNNING. 


Also, the executive allows for PREEMPTION of a 
task currently using processor resources so that 
emergencies will be responded to immediately. For 
example, suppose a conveyor in a manufacturing 


DELETED CREATED 


A TASK 


EVENT OCCURS ON 
WHICH A TASK IS 
WAITING 


NO RUNNING 
TASKS 


WITH HIGHER 


RQSWAIT 
FOR EVENT 


EVENT OCCURS 
AND ASLEEP TASK 


HAS HIGHER PRIORITY 


THAN RUNNING TASK 


PRIORITY THAN 
RUNNING TASK 
BECOMES READY 


RUNNING TASK IS 
DELETED, PREEMPTED 
OR WAITING 


EVENT OCCURS AND ASLEEP 
TASK HAS A LOWER PRIORITY 
THAN RUNNING TASK 


DELETED 


DELETED CREATED 
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Figure 2. iDCX 96 Executive Task States 
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system suddenly developed a fault and began run- 
ning out of the normal range. The other parts of the 
system cannot compensate, and an alarm is trig- 
gered. Immediate response is a must to minimize 
losses. The executive’s task prioritization scheme, 
task state definitions, and preemption facility reflect 
the asynchronous nature of events in real-time sys- 
tems as well as the need to respond to the most 
critical events first. 


Interrupt Handling 


Interrupts signal the occurrence of an external event 
and are typically asynchronous with respect to the 
processor. In real-time control system interrupt han- 
dling plays a major factor in the responsiveness and 
performance of the system. The iDCX 96 Distributed 
Control Executive provides the following interrupt 
handling services and features: 


e Interrupt source assignment to a task at system 
configuration. 


e Ability to disable all or some interrupts using the 
RQ DISABLEINTERRUPT system call. 


e Ability to enable disabled interrupts using the RQ 
ENABLEINTERRUPT system call. 


e Synchronization of events using the RQ WAIT 
system call. 

¢ Configuring a custom interrupt handler into the 
system. 


In keeping with the executive’s preemptive priority- 


based scheduling scheme for an interrupt to occur 
its associated task must have a higher priority than 
the present running task. The executive will mask all 
interrupts of lower priority. 


The eight interrupt sources provided by the 8096 ar- 
chitecture are shown in Table 1. The iDCX 96 Exec- 
utive architecture provides interrupt handlers for 
each source but allows users to substitute custom 
interrupt handlers if desired. 


Table 1. 8096 Hardware Interrupt Sources 
EXTINT 


Serial Port 
HSI.0 


High Speed Outputs 

HSI Data Available 

A/D Conversion Complete 
Timer Overflow 

Software Interrupt 


Timer Management 


The iDCX 96 Executive supplies timing management 
facilities for synchronizing timed control loops and 


determining how long tasks wait on an event. In mul- 
titasking environments tasks compete for timing re- 
sources. The executive eliminates contention for this 
resource by reserving one of the 8096 on-chip tim- 
ers for software timing services. A software clock is 
maintained from this on-chip timer, and is used for 
system timing functions. Tasks request interval tim- 
ing or timeout timing services via the iDCX 96 Execu- 
tive appropriate system calls. 


Message Passing 


The iDCX 96 Distributed Control Executive facilitates 
intertask communication that allows tasks to: 


® communicate with other tasks via messages 

® wait indefinitely on a message event 

® synchronize task operations throughout a system 
® manage system resources 


These services greatly simplify design of multitask- 
ing, real-time control applications by providing an ex- 
tremely flexible method of communication. Because 
tasks in an iDCX 96 Executive system exchange 
messages via message queues the communicating 
tasks are independent of one another. Tasks can 
store messages not yet received and put messages 
in a buffer that have not yet been sent. The user 
simply invokes the relevant system calls when re- 
quired (RQ ALLOCATE, RQ DEALLOCATE, RQ 
SENDMESSAGE, RQ WAIT). 


The format of iDCX 96 messages follows the stan- 
dard BITBUS™ Interconnect message format. Fig- 
ure 3 shows the iDCX 96 Executive message format. 


BIT BIT 


7 0 
Link 
(Upper Byte) 
Link 
(Lower Byte) 
Message Length 


Message 
Header 


Node Address 
Source/ Destination 
_ TaskIDS 
6 | Command/Response 
Message 
Data 


Optional 


Figure 3. iDCX 96 Message Format 
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By implementing communications software, users 
can incorporate iDCX 96 Executive systems into a 
BITBUS Interconnect environment. Thus the execu- 
tive supports communications in standalone and dis- 
tributed control systems. Although users need to 
provide some communications software to imple- 
ment communication between different microcon- 
trollers, the support already provided in the execu- 
tive gives users a head start in applications develop- 
ment. 


HIGH PERFORMANCE AND 
EASE OF USE 


To meet the dual requirements of high performance 
and ease of use, two interfaces are provided for 
each system call: a PL/M 96 interface and a register 
interface. The PL/M 96 interface provides a higher 
degree of ease of use thus speeding development 
time. For extremely demanding applications the reg- 
ister interface provides greater run-time speed and 
can be used with either PL/M 96 or ASM 96. 


The iDCX 96 Executive’s capabilities are invoked 
through a set of system calls. Table 2 includes a 
listing of these interfaces and their functions. All the 
system calls with the exception of RQ GET FUNC- 
TION IDS have already been referenced in this doc- 
ument as part of the interrupt handling, message 
passing, and timing support facilities. The RQ GET 
FUNCTION IDS call allows the user to reference 
tasks by function rather than task number. This con- 
stant identifier facility remains valid even if 
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functions are moved to different physical locations 
(e.g., another processor in a distributed system). 


The iDCX 96 Distributed Control Executive executes 
a variety of services in about half the time the iDCX 
51 Executive (formally iRMX™ 51 Executive) can. 
(The iDCX 96 Executive is a functional port of the 
iDCX 51 Executive to the MCS-96 family of micro- 
controllers.) Table 3 shows ADVANCE performance 
information for the iDCX 96 Executive. 


Table 3. iDCX 96 Executive Performance 


iDCX 51 iDCX 96 
Time Time* 
(uS) (uS) 
Interrupt Latency 
Interrupt Latency 
from Idle Stage 


42 
Pe = 
vm |e 
Pe [= 


w/Custom Handler 


RQALLOCATE 


RQSEND = > 
Non-Waiting Task 
RQSEND = > 

> Priority Waiting Task 
RQSEND = > 
<Priority Waiting Task 


RQWAIT on No Events 


*Advance Information 


Table 2. Functional Listing of System Calls 7 


RQCREATETASK 
RQDELETETASK 
RQGETFUNCTIONIDS 


RQALLOCATE 
RQDEALLOCATE 

RQSENDMESSAGE 
RQWAIT 


RQDISABLEINTERRUPT 
RQENABLEINTERRUPT 


RQWAIT 


RQSETINTERVAL 
RQWAIT 


Task Management Calls 


Create and schedule anewtask. __ 
Delete the specified task from the system. 
Obtain the function IDs of tasks currently in the system. 


Intertask Communication Calls 


Obtain a message buffer from the system buffer pool. 
Return a message buffer to the system buffer pool. 

Send a message to the specified task. 
Wait for interrupt, message, or interval. 


Interrupt Management Calls 


Temporarily disable multiple interrupts. 

Reenable one or more interrupts previously disabled by 

RQDISABLEINTERRUPT. 

Wait for interrupt, message, or interval. 
Time Management Calls 


Establish a time interval. 
Wait for interrupt, message, or interval. 
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CONFIGURABLE 


Aside from the interrupt handler variables noted pre- 
viously, other system variables are made available 
to the user for system customization. Most of these 
variables must be defined during initial system con- 
figuration. Task-specific attributes like task priority, 
interrupt vectors, and function ID are assigned via 
the Initial Task Descriptor structure at configuration 
time. Table 4 shows the configuration constants ac- 
cessible to the user. These configuration constants 
give the iDCX 96 Executive added flexibility to satisfy 
the users needs. Table 5 shows other USER AVAIL- 
ABLE variables. Run-time variables reflect the con- 


dition of the running system. Development-time di- 
agnostic variables also reflect conditions of the run- 
ning environment, but are usually helpful during ap- 
plication development. 


Also, the executive allows for adding additional 
tasks to an already configured system or changing 
initial configuration constants via an Initial Data De- 
scriptor (IDD). The IDD structure lets the user rede- 
fine existing configuration constants without recon- 
figuring the entire system. Constants that may be 
redefined are the system: clock unit, clock priority, 
buffer pool address, buffer pool size, and buffer size. 


Table 4. Configuration Constants 


RQDIAGNOSTICS 


Constant Name Description 


The maximum number of tasks that can exist in the system at any given time. 
The highest priority level that can be assigned to a task or to the system clock. 


The number of time cycles in the system clock basic time unit (a ‘tick’’). 


RQMAXTASKS 

RQMAXPRIORITY 

RQCLOCKPRIORITY The priority level of the system clock. 

RQCLOCKTICK 

RQSTACKPOOLADR The starting address of the system stack pool. 
RQSTACKPOOLLEN The length, in bytes, of the system stack pool. 
RQSYSPOOLADR The starting address of the system buffer pool. 
RQSYSPOOLLEN The length, in bytes, of the system buffer pool. 
RQSYSBUFSIZE The size, in bytes, of each buffer in the system buffer pool. 
RQFIRSTITD The absolute address of the first ITD in the ITD/IDD chain. 


An entry point in which user-written power-up diagnostic code is added. 


Table 5. System Variables Available to the User 


Variable | Size | Access | Description 


General Run-Time Variables 


RQTASKID 
RQCLOCKUNIT 
RQBUFSIZE 


Read Only 


Read Only 


Read/Write 


Contains the ID of the running task 

Specifies the unit of time for the system clock 
Specifies the size of the buffers i in the system 
buffer pool 


Development-Time Diagnostic Variables 


RQPRIORITY Read Only 


RQINITSTATUS Read Only 


RQRUNSTATUS Read Only 


RQSTACKOVERFLOW Read Only 


Contains the priority of the running task, or 
zero If the system is idle 

Specifies the system status at the end of the 
system initialization (low byte), and the ID of 
the last task initialized (high byte) 

Specifies certain occurences and conditions 
which exist during runtime 

Specifies which tasks, if any, may have stack 
overflow conditions 
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RELIABLE AND COMPACT 


Real-time control applications require reliability. The 
iDCX 96 Distributed Control Executive requires 2.9K 
bytes of code space, 75 bytes of on-chip register 
RAM, and a minimum of 56 bytes of data RAM. This 
streamlined executive increases performance and 
reliability by providing a range of services in a mini- 
mal amount of code. The compact nature of the ex- 
ecutive, in addition to its architecture, allows for in- 
corporating it into PROM or the memory of the 8096 
microcontroller further reducing component count of 
the total system. 


The iDCX 96 Executive is completely tested and ver- 
ified by Intel’s stringent software evaluation process. 
Thus the user realizes higher system reliability with 
reduced effort by incorporating fully functional and 
tested software. Using the iDCX 96 Executive allows 
the software development team to focus on the ap- 
plication-specific parts of a project. 


The modular nature of the executive also enhances 
reliability by allowing user tasks to be refined inde- 
pendently. In this way, errors can be isolated more 
easily and corrected in each specific module. Using 


the iDCX 96 Executive for MCS-96 microcontroller 
application development reduces risk and develop- 
ment time. 


OPERATING ENVIRONMENT 


The iDCX 96 Executive will operate on any of the 
MCS-96 Family of microcontrollers. Tables 6 and 7 
show the product family and a summary of the 
MCS-96 Family features and benefits. 


Table 6. MCS®-96 Family of Products 


Digital 
rad 


nar | ROMiess is ait 
and 
| ROM sda 9095 


Digital 
The 48 pin version is available in DIP (dual inline) package. 


I/O 
The 68 pin version comes in two packages, the plastic Flatpack and 
the Pin Grid Array. 


Table 7. MCS®-96 Features and Benefits Summary 


16-Bit CPU 
8K Bytes ROM 


Hardware MUL/DIV 


6 Addressing Modes 
High Speed I/O Unit 
4 dedicated I/O lines 
4 programmable I/O lines 
10-Bit A/D Converter 
Full Duplex Serial Port 
Up to 40 1/O Ports 


Programmable 8 Source 
Priority Interrupt System 
Pulse Width Modulated Output 


Watchdog Timer 
48 Pin (DIP) & 68 Pin (Flatpack, 
Pin Grid Array) Versions 


Efficient machine with higher throughput. 

Large program space for more complex, larger programs. 

Large on-board register file. 

Provides good math capability 16 by 16 multiply or 32 by 16 divide in 
6.5 ws @ 12 MHz. 

Provides greater flexibility of programming and data manipulation. 
Can measure and generate pulses with high resolution (2 ws @ 12 MHz). 


Reads the external analog inputs. 
Provides asynchronous serial link to other processors or systems. 
Provides TTL compatible digital data |/O including system expansion 
with standard 8- or 16-bit peripherals. 

Respond to asyncchronous events. 


Provides a programmable pulse train with variable duty cycle. Also used 
to generate analog output. 

Provides ability to recover from software malfunction or hardware upset. 
Offers a variety of package types to choose from to better fit a specific 
application need for number of |/O’s and package size. 


21-312 


DEVELOPMENT ENVIRONMENT > 


Intel provides a complete development environment 
for the MCS-96 Family of microcontrollers. The iDCX 
96 Executive is only one of many of the software 
develoment products available. Figure 4 shows the 
iDCX 96 Executive development environment. The 
executive is compatible with the following software 
development utilities available from Intel: 


e 8096 Macro Assembler (ASM 86) 
e PL/M 96 Complier 
e RL 96 Linker and Relocator Program 


HOST SYSTEM 


DCX96 
LIBRARIES 


PL/M-96 
ASM-96 


CONFIGURATION 
OPTIONS 


EXECUTABLE 
MODULE 


e LIB 96 
e FPAL 96 Floating Point Arithmetic Library 


Hardware development tools available for MCS- 96 
microcontrollers 


e iSBE-96, Single Board Emulator for the MCS-96 
Family of Microcontrollers 


e VLSICE-96 In-Circuit Emulator 


Table 8 shows the possible MCS-96 Family develop- 
ment environments: host systems, operating sys- 
tems, available software utilities, and hardware de- 
bug tools. 


TARGET 
SYSTEM 


8096-BASED 
BOARD 


PROGRAMMER 


iSBE-96 
VLSICE-96 
SIM 96 


Figure 4. iDCX 96 Development Environment 


Table 8. MCS®-96 Family Development Environments 


MCS® 96 Software Support Package (ASM96) 
PL/M 96 Software Package 
iDCX 96 Executive 

XASM96, COMMS96, ATOP 96* 


*Products of U.S. Software, Portland, OR. 
**IBM is a registered trademark of International Business Machines. 


iSBE-96, Single Board Emulator 
VLSICE-96, In-Circuit Emulator 


Intellec® 
Series III/IV 
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SPECIFICATIONS 


Hardware 

MCS-96 Family of Microcontrollers 
8094 8394 

8095 8395 

8096 8396 

8097 8397 


DEVELOPMENT ENVIRONMENT 


Software 


MCS-96 Software Support Package 
PL/M-96 Software Package 


iPDS System Host: 


*XASM96 Assembles MCS-96 programs on the 
iPDST™ 

*COM96 iPDS host communication § software. 
Use with XASM96 

*ATOP96 Performs host communications and as- 


sembly/disassembly of iSBE-96_in- 
structions. Use with XASM96. 


*Products of U.S. Software 
5470 N.W. Innisbrook, Portland, OR 97229 
Phone: 503-645-5043 
Telex: 4993875 — 


- iDCX96BY 


Hardware 


SYSTEMS 


Intellec Microcomputer Development System, 
Series III/IV 

iPDS Intel Personal Development st bab al 

IBM Personal Computer 


DEBUG TOOLS 


SBE-96 Single Board Emulator for MCS-96 Family of 
Microcontrollers 
VLSICE 96 In-Circuit Emulator 


Reference Manual (Supplied) 
148107-001 iDCX 96 Distributed Control Executive 
User’s Guide 


ORDERING INFORMATION 
Part Number Description 


iDCX96SU Executive for the MCS-96 Family of 
Microcontrollers 


Single User License, Development 
Only 

Media Supplied: B, E, F, J and | 
Executive for the MCS-96 Family of 
Microcontrollers OEM License, De- 


rivative Products Media Supplied: B, 
E, F, J and | 
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ISBE-96 DEVELOPMENT KIT 
SINGLE BOARD EMULATOR AND ASSEMBLER 
FOR THE MCS®-96 FAMILY OF MICROCONTROLLERS 


m@ Hosts m Single Line Assembler/Disassembler 
— Intellec® Series III/IV Development 


Systems m MCS®-96 Software Support Package 
— IBM* PC AT, PC XT, and Compatibles _™@ Configurable Serial I/O 
(3.0) m 17.75 of On-Board User Memory 
m Eight Software Execution Breakpoints = g Optionally Expandable to 64K of On- 
That Can Selectively Be Turned On and Board User Memory 
Off 


m@ 12 MHz Emulation Speed 


The iSBE-96 emulator supports the execution and debugging of programs for the MCS-96 family of microcon- 
trollers at speeds up to 12 MHz. The MCS-96 family configurations are shown in Table 1. The iSBE-96 
emulator consists of an 8097 microcontroller, a serial port and cables, and an EPROM-based monitor that 
controls emulator operation and the user interface. 


The iSBE-96 emulator is a combination of hardware and software that permits programs written for the 
MCS-96 family of microcontrollers to be run and debugged in the emulator’s artificial environment or in the 
user’s prototype system. As a result, development time can be reduced by the early integration of hardware 
and software. 
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iSBE-96 


FUNCTIONAL DESCRIPTION 


Integrated Hardware and Software 
Development 


The iSBE-96 emualtor allows hardware and software 
development to proceed simultaneously. This ap- 
proach is more time- and cost-effective than the al- 
ternate method: independent hardware and soft- 
ware development followed by system integration. 
With the iSBE-96 emulator, prototype hardware can 
be added to the system as it is designed; software 
and hardware integration occurs while the product is 
being developed. The emulator aids in the recogni- 
tion of hardware and software problems. 


Emulation is the controlled execution of the proto- 
type software in the prototype hardware or in an arti- 
ficial hardware environment that duplicates the mi- 
crocontroller of the prototype system. The iSBE-96 
emulator permits reading and writing of system 
memory, and control of program execution. The em- 
ulator also allows interactive debugging of the proto- 
type software and can externally control program ex- 
ecution while operating in the prototype system. 
When the prototype system memory is not yet avail- 
able, the iSBE-96 emulator’s on-board memory per- 
mits software debugging. 


Table 1. The Configurations of the MCS®-96 
Family of Microcontrollers 


OBIE 
TRomuess | sos | 
[eprom | sree | 

[Rom | 6997 | 0005 

[eprom | s7e7_| 6705 


iSBE-96 Software 


The iSBE-96 emulator software is available for use 
with the following host systems: 


e |ntellec Series Ill and Series IV development sys- 
tems 


e IBM PC/AT and PC/XT computer systems 


Analog and 
Digital |/O 


The iSBE-96 emulator software is also available 
from U S Software* for use on the Intel Personal 
Development System (iPDS™) and the Intellec Se- 
ries Il development system. 


_ *NOTE: 
U S Software is a registered trademark of United 
States Software Corporation. 


The iSBE-96 emulator is supplied with a driver rou- 
tine that communicates with the monitor software on 
the iSBE-96 emulator board through serial channel 1 
or 2 (com1/com2). The driver interrupts the 8097 
using the non-maskable interrupt (NMI) line for in- 
coming keyboard input. The commands associated 
with the driver and the monitor are described in the 
following sections. 


iSBE-96 Driver 


iSBE-96 emulator is shipped with driver software for 
use on the Series III/IV development systems and 
the IBM PC AT/XT running PC DOS, version 3.0 or 
greater. The driver software provides a few easy-to- 
use commands. These commands are described in 
Table 2. ASM/DASM available on DOS version only. 


Table 2. iSBE-96 Driver Commands 


DriverCommand| Function 


ASM Loads memory with MCS-96 
assembly mnemonics. 


Displays memory as MCS-96 
assembly mnemonics. 


Exits the driver and returns to 
the host operating system. 


Same as for the EXIT 
command. 


Displays the syntax of all 
commands. 


Specifies a command file. 


Turns the command file on 
and off. 


Same as <CONTROL> | 
(turns the command file on 
and off). 


LIST Specifies a list file. 
<CONTROL> L | Turns list file on and off. 


<CONTROL> S | Stops scrolling of the screen 
display. 

Resumes scrolling of the 
screen display. 

Deletes the line being 
entered. 


Aborts the command 
executing. 


DASM 


EXIT 


<CONTROL> C 


HELP 


INCLUDE 
<CONTROL> | 


<TAB> 


<CONTROL> Q 


<CONTROL> X 


<ESCAPE> 


iSBE-96 MONITOR 

The iSBE-96 monitor performs the following func- 
tions: 

e Loads and saves user programs. 

e Independently emulates user programs. 
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Table 3. iSBD Monitor Commands 


Monitor 
Command 


Sets up the baud rate. 
Permits display and setting of 
up to eight software 
breakpoints. 

Permits display and changing 

of a single byte or range of 

bytes of memory or a single 
byte of the 8097 internal 
registers. 

Permits display and changing 

of a series of memory words 

or bytes. 

Stops scrolling of the screen 

display. 

Resumes scrolling of the 

screen display. 

Deletes the line being 

entered. 

Aborts the command 

executing. 

GO Begins emulation and 
continues until an enabled 
breakpoint is reached or the 
escape key is pressed. 


CHANGE 


<CONTROL> S 
<CONTROL> Q 
<CONTROL> X 


<ESCAPE> 


Loads programs and data 
from disks. 


Permits mapping of several 
preprogrammed memory 
maps; also permits 
configurable serial |/O and 
selective servicing of the 
watchdog timer. 

PC Displays and changes the 

program counter. 

Displays and changes the 

program status word. 

Resets the 8096 to power-up 

conditions. 

Saves programs and data to 

disks. 

SP Displays and changes the 

stack pointer. 

Provides single-step 

emulation with selective 

display formats. 

Displays the monitor version 

number. 

Permits display and changing 

of a single word or range of 

words of memory or a single 

word of the 8097 internal 

registers. 


PSW 
RESET CHIP 


SAVE 


STEP 


WORD 


iSBE-96 


e Examines and changes memory contents. 
¢ Examines registers. 


e Maps the file capabilities of the serial ports (DS/ 
DT). 


e Maps different memory configurations. 


The monitor commands are described in Table 3. 


Integrating Hardware and Software 


When the prototype system hardware is developed, 
the iSBE-96 emulator interfaces to the prototype 
through two 50-pin ribbon cables. The emulator can 
then execute code from the iSBE-96 on-board RAM 
(or from user-provided memory) and exercise the 
prototype system hardware. 


BLOCK DIAGRAM 


Figure 1 is a block diagram showing the iSBE-96 
emulator. The following sections describe each 
block. 


The Processor 


The 68-pin processor of the iSBE-96 emulator is 
used only in the 8097 external-access mode. An 
8097BH will be supported in 16-bit bus mode only. 


An adapter board is provided for the 68-pin PGA ver- 
sion of the 8096 and 8097 microcontrollers. When 
debugging a 68-pin package, the two 50-pin ribbon 
cables plug into the 68-pin adaptor board which is 
plugged into the 68-pin socket on the prototype sys- 
tem. 


When debugging a 48-pin package, the two 50-pin 
cables plug into the 48-pin adaptor board, which is 
then plugged into a 48-pin socket in the prototype 
system. A 68-pin PLCC Adaptor may be ordered. 


iSBE-96 Emulator I/O 


The iSBE-96 emulator’s memory-mapped I/O devic- 
es are used to manage the system. These I/O devic- 
es are mapped into memory between locations 
01FOOH and O1FFFH. 


Included as part of the I/O are two serial ports. One 
is configured as data set (DS) and the other as data 
terminal (DT). When operating with an Intellec® de- 
velopment system, the data set port is used as the 
system console and the link for exchanging files. 
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PORT 3-4 
LOGIC 


MONITOR 
PROM 


MONITOR 
RAM 


DATAROM 
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Figure 1. Block Diagram for the iSBE-96 Single Board Emulator 


The serial ports are serviced under control of the 
NMI interrupt. The NMI interrupt has highest priority 
on the microcontroller and interrupts the user pro- 
gram when characters are entered from the key- 
board. When in emulation, the monitor will still serv- 
ice inputs from the keyboard and execute certain 
monitor commands. Monitor activity is not transpar- 
ent to the user. 


Simulated ROM (ROMSIM) 


There are eight 28-pin JEDEC byte-wide sockets 
with 2K-by-8 static RAMS present on the board. The 
partition on the user’s prototype system that will be 
ROM is simulated by RAM on the iSBE-96 emulator 
board. This RAM facilitates easy program develop- 
ment, allowing users to correct and test problems in 
their programs. 


ROMSIM can be expanded by replacing the iSBE-96 
RAMs with 8K-by-8 static RAMs. 


Port 3-4 Logic 


The port 3-4 logic has two functions: to provide bus 
expansion and to provide |/O ports. The port 3-4 
logic is controlled by a software switch available with 
the MAP command. a 


The iSBE-96 emulator reconstructs ports 3 and 4 of 
the 8395, 8396, and 8397 microcontrollers when the 
logic is defined by the MAP command as port 3-4. 
This port function should be selected when one of 
these four microcontrollers is intended as the target 
microcontroller. 


When the BUS switch of the MAP command is spec- 
ified, the iSBE-96 address/data expansion bus is 
available to the prototype system. 


THE iSBE-96 EMULATOR MEMORY 
MAP 


The target system should be designed with a memo- 
ry map that is compatible with one of the iSBE-96 
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TRAP VECTOR— . 
RESERVED FOR MONITOR 


INTERNAL REGISTERS/ 
MONITOR ROUTINES 


Figure 2. iSBE-96 Emulator Default Mapping 


memory maps. Figure 2 shows the default address 
mapping. The following sections describe the areas 
of memory. 


Internal Registers/Monitor Routines 


Normally locations 000H through OFFH contain the 
internal register space of the 8097. However, in- 
struction fetches from these locations access exter- 


nal memory. This memory space contains the moni- 
tor’s non-maskable interrupt service routine and utili- 
ty routines. 


For the monitor to access the user memory, the ad- 
dress and data is passed to the interrupt or utility 
routines. The routines then modify the mode register 
to enable user memory, disable all of the monitor’s 
memory (except page zero), and perform the appro- 
priate operation. After an operation is complete, the 
service and utility routines restore the mode register 
to its previous state and return to the main monitor 
code. The NMI service routine is used to handle the 
keyboard input on the serial port. 


DATARAM 


Locations 100H to 7FFH are mapped as the DA- 
TARAM space. This RAM is for general purpose use 
and is optionally enabled by using the MAP com- 
mand. When the DATARAM buffer is not enabled, 
any access to this partition results in an access to 
user prototype system memory. 


User Area 


Locations 800H to 1EFFH are a user area. If an ac- 
cess is made to this partition, it is directed to the 
user’s prototype system. Any memory mapped as 
I/O in the user system should be placed in this parti- 
tion. With 8K-by-8 static RAMs, this area is located 
and available on the iSBE-96 board. 


Reserved Area 


Locations 1FOOH to 1FFFH are reserved by the 
monitor for on-board |/O devices. 


ROMSIM 


Because some of the MCS-96 family of microcon- 
trollers are ROMLESS parts, a user program can be 
loaded for execution into the on-board RAMS of the 
iSBE-96 emulator. Locations 2000H to 5FFFH are 
mapped to this RAM space; the space is called 
ROMSIM. ) 


Trap Vector 


Locations 2000H to 2010H are the interrupt vector 
locations. Vector address location 2010H is used by 
the iSBE-96 monitor for breakpoints. 
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User Area 


The partition 6000H to OFFFFH is mapped to the 
user prototype area. During emulation any access to 
this partition is directed to the user’s prototype sys- 
tem. 


EXPANDING ON-BOARD MEMORY 


On-board memory can be expanded to a full 64K 
bytes by replacing the supplied 2K-by-8 static RAMs 
with 8K-by-8 static RAMs or PROMs. The user may 
also replace on-board ROMSIM memory with 2K-by- 
8 PROMs or even locate all 64K bytes of memory on 
the prototype system. 


DESIGN CONSIDERATIONS 


Designers should note the following considerations 
for designing with the iSBE-96 emulator: 


e The iSBE-96 software uses 6 bytes of user stack 
space. 


e Analog signal accuracy is impaired when driven 
over the emulator cable (up to +50 mV loss of 
A/D conversion accuracy). 
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The iSBE-96 emulator has some ac/dc paramet- 
ric differences from the 8097 chip. 


The NMI vector is used for console service (Intel 
reserved interrupt). 


Keyboard activity during emulation affects real- 
time emulation because a 50 to 100 microsecond 
interrupt service routine is executed for every 
keystroke. 


The only hardware reset available for the iSBE-96 
emulator is the system reset momentary switch 
(switch 1 on the emulator board). 


User system memory should be configured to the 
iSBE-96 memory map (see Figure 2). 


The iSBE-96 emulator does not support a user 
system crystal as shipped. 


The iSBE-96 driver software provided by Intel is 
not compatible with the Intellec Model 800 or Se- 
ries 1 Development Systems. 


The IBM PC/AT and PC/XT have been evaluated 
and accepted by Intel as compatible hosts for its 
development systems. Intel has not evaluated 
any ohter PC DOS machines (3.0). However, Intel 
knows of no reason why these PC DOS machines 
would not be compatible hosts for its develop- 
ment systems. 


SPECIFICATIONS 


Equipment Supplied 
Standard MULTIBUS®-size board assembly 


EPROM-based monitor 
Auxiliary power cable 


RS-232 serial cables 


Two standard, 18 in., 50-pin ribbon cables for con- 


nection to the user’s prototype system 


Adapter board for the 48-pin DIP and 68-pin PGA 
versions of the MCS-96 microcontroller 


MCS-96 software support package 


One 8 in. single-density software disk for the Series 
HT ; | 


One 8 in. double-density software disk for the Series 
HI 


One 51/4, in. software disk for the Series IV 


One 51/4 in. software disk for the IBM PC AT/XT 


Documentation 


ISBE-96 User’s Guide (Order number 164116) 
iSBE-96 Pocket Reference (Order number 164157) 


Developing MCS-96 Applications Using iSBE-96 (Or- 
der Number 280249-001, AP-273) 


Emulation Clock 


12 MHz supplied crystal 


Physcial Characteristics 


Width: 6.75 in. (17.15 cm) 
Length: 12 in. (80.48 cm) 
Height: 0.75 in. (1.91 cm) 


DC Electrical Requirements 


Votage |Current 


+5V + 5% 3.5a max 
0.06a max 
0.05a max 


+12V 25% 
—l2v an 


Environmental Characteristics 


Operating Temperature: 10°C to 40°C 


Operating Humidity: 10% to 85% relative hu- 
midity, without condensa- 
tion 


IBM PC XT/AT Host Requirements | 
e PC DOS, version 3.0 or greater 

e External power supply 

e Serial channel Com1/Com2 
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ORDERING INFORMATION 


Intel 3065 Bowers Ave. 
Santa Clara, CA 95051 


Part Number Description 


SBEQ6SKIT 


SBE96DKIT 


iSBE-96 single board emulator for 
use with the Series III/IV develop- 
ment systems. The kit contains the 
following parts: 


© iSBE-96 single board emulator 
e MCS-96 software support package 


for the Series III/IV development 
systems 


e iSBE-96 Series III/IV upgrade kit 
(cables and software needed to 
run on Intel Hosts) 


iSBE-96 single board emulator for 
use with the IBM PC/AT and PC/XT 
computer systems. The kit contains 
the following parts: . 

e iSBE-96 single board emulator 


e MCS-96 software support package 
for PC DOS 


e iSBE-96 DOS upgrade kit (cables 
and software needed to run on the 
IBM PC/AT or PC/XT) 


SBE96DU 
SBE96SU 


TASBEE 
U S Software 


iSBE-96 DOS upgrade kit for those 
customers who wish to upgrade their 
Series III/IV kit to run on the IBM PC 
AT or PC XT. 


iSBE-96 Series III/IV upgrade kit for 
those customers who wish to up- 
grade their DOS kit to run on Intel 
Hosts). 


68-pin PLCC Adaptor Board. 


5470 N. W. Innisbrook 
Portland, OR 97229 

Phone: 503-645-5043 
International Telex 4993875 


Part Number 
XASM96 


ATOP96 
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Description 


Performs assembly of MCS®-96 pro- 
grams written on the iPDS. 


iPDS and Series || software for iSBE- 
96 host communications. Performs 
host communications and assembly/ 
disassembly of iSBE-96 instructions. 
The XASM Host Cross Assembler 
software must be ordered with this 
software. 


VLSiICE-96 
IN-CIRCUIT EMULATOR FOR THE 8X9X 
FAMILY OF MICROCONTROLLERS 


m Precise Real-Time Emulation of the m Shadow Registers Allow Reading Many 
8X9X Family of Components 8096 Write-Only and Writing Many 

m 64K of Mappable Memory for Early Read-Only Registers 
Software Debug and (EP)ROM m@ Break and Trace are Qualified on 
Simulation Execution Addresses, Data Addresses, 


and Values (Both External and Internal 
RAM), Opcodes, Selected PSW Flags, 
and 2 External Sync Lines 


@ Equipped with the Integrated Command 


m A 4K-Entry Trace Buffer for Storing 
Real-Time Execution History, Including 
Both Code and Data Flows 


m@ Fastbreaks and Dynamic Trace Directory (ICD™) Which Provides 
= Symbolic Debugging Allows Accesses — An On-Line Help File 
to Memory Locations and Program — A Dynamic Syntax Menu 
Variables (Including Dynamic Variables) — Dynamic Command-Entry 
Using Program-Defined Names from — Error Checking 
the User’s Assembler or Compiler — On-Line Editor 
Source Code m Serially Linked to Intel Series III/IV 


Hosts or IBM* PC-XT and AT 
The VLSiCE-96 In-Circuit Emulator is a debugging and test tool used for development of the hardware and 
software of a target system based on the 8X9X family of microcontrollers (8095, 8096, 8097, 8395, 8396, 
8397, 8795, 8796, 8797, 8098, 8398, 8798) including BH components. 
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INTRODUCTION 


The VLSiCE-96 emulator allows hardware and soft- 
ware development of a design project to proceed 
simultaneously. With the VLSiCE-96 emulator, proto- 
type hardware can be added to the system as it is 
designed and software can be developed prior to 
the completion of the hardware prototype. Thus, 
software and hardware can be integrated while the 
product is being developed. 


The VLSiCE-96 emulator assists four stages of de- 
velopment: 


e Software development 
e Hardware development 
e System integration 

e System test 


Software Development 


The VLSICE-96 emulator can be operated without 
being connected to a prototype or before any of the 
prototype hardware is available. In this stand-alone 
mode, the VLSiCE-96 emulator can be used to facili- 
tate application program development. 


Hardware Development 


Because the VLSiICE-96 emulator precisely matches 
the component’s electrical and timing characteris- 
tics as well as full bus access, it is a valuable tool for 
hardware development and debug. 


System Integration 


Integration of software and hardware begins when 
the microcontroller socket is connected to any func- 
tional element of the target system. As each section 
of the user’s hardware is completed, it is added to 
the prototype. Thus, each section of the hardware 
and software can be system tested with the 
VLSiCE-96 emulator in real-time operation as it be- 
comes available. 


System Test 


When the prototype is complete, it is tested with the 
final version of the system software. The VLSICE-96 
emulator can then be used to verify or debug the 
target system as a completed unit. 


By providing support for the ROMLESS, ROM, and 
EPROM versions of the microcontroller, the 
VLSiCE-96 emulator has the ability to debug a proto- 
type or production product at any stage in its devel- 
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opment without introducing extraneous hardware or 
software test tools. 


PHYSICAL DESCRIPTION 


The VLSiCE-96 emulator consists of the following 

components (see Figure 1): 

e Software (includes the VLSiICE-96 emulator soft- 
ware, diagnostic software, and tutorial) 

® 68-pin PGA adaptor 
68-pin PLCC adaptor (optional) 
48-pin DIP adaptor (optional) 

e Controller pod 

e User cable assembly (consisting of the user ca- 
ble and processor module) 

e Serial cable (host-specific) 

e Crystal power accessory (CPA) 

e Multi-synchronous accessory (MSA) (optional) 

© Power supply and Vcc booster module 

e AC and DC power cables 


VLSiCE-96 software fully supports all mnemonics, 
object file formats, and symbolic references generat- 
ed by Intel’s ASM-96, PL/M-96, and C-96. 


The on-line tutorial is written in VLSICE-96 command 
language. Thus, the user is able to interact with and 
use the VLSICE-96 emulator while executing the tu- 
torial. 


The controller pod contains 64K of ICE memory, a 
4K-entry trace buffer, and circuitry that provides 
communication between the host and the emulator. 


The processor module contains a special version of 
the Intel 8096 microcontroller, called the emulation 
processor. This chip performs real-time and single- 


- step execution of a program’s object code for exe- 


cution and debugging purposes in place of the target 
system microcontroller. 


The crystal power accessory (CPA) is a small de- 
tachable board that connects to the back of the con- 
troller pod and is used to run the VLSICE-96 emula- 
tor in the stand-alone mode. It is also used when 
running customer confidence tests. In the stand- 
alone mode, the user plug on the user cable is con- 
nected through the 68-pin PGA adaptor to the CPA. 
The CPA supplies clock and power. Stand-alone 
mode is used to test and debug software prior to the 
availability of hardware. 


The optional multi-synchronous accessory can be 
used to connect the VLSICE-96 emulator with up to 
20 multi-ICE compatible emulators together for syn- 
chronous GO and BREAK emulation, and TRACE. 
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It can also be used with other debug equipment 
such as logic analyzers and oscilloscopes for syn- 
chronous GO, BREAK and TRACE. 


The serial cable connects the host system to the 
controller pod. The serial cable has electrical specifi- 
cations similiar to the RS-232C standard. 


The power supply connects to the controller pod via 
the Vcc booster module and the DC power cable. 
There are several voltage options available for the 
power supply depending on switch settings on the 
back of the power supply. 


A comprehensive set of documentation is included 
with the VLSICE-96 emulator. 


Figure 1 shows a drawing of the VLSICE-96 emula- 
tor. 


VLSiICE-96 EMULATOR FEATURES 


The VLSiCE-96 emulator assists hardware and soft- 
ware design engineers in developing, debugging and 
testing designs incorporating the 8X9X family of mi- 
crocontrollers. The following are some of the 
VLSiCE-96 features: 


Y 


y ac 
POWER 
Vi CABLE 


Veg BOOSTER MODULE 


SERIAL 


CRYSTAL 
POWER 
ACCESSORY 
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Emulation 


Emulation is the controlled execution of the proto- 
type software in the prototype hardware or in an ar- 
tificial hardware environment that duplicates the 
microcontroller of the target system. With the 
VLSiCE-96 emulator, emulation is a transparent pro- 
cess that happens in real-time without sacrificing mi- 
crocontroller resources. The execution of prototype 
software is facilitated through the VLSICE-96 com- 
mand language. 


Memory Mapping 


There are 64 Kbytes of zero-waitstate, high-speed 
mappable memory available. This memory space 
can be mapped to either the target system or to the 
on-board VLSiCE-96 memory space in 1. Kbyte 
blocks on 1 Kbyte boundaries. Mapping memory to 
the VLSICE-96 emulator allows software develop- 
ment to proceed before prototype hardware is avail- 


able. Memory mapping also gives the VLSICE-96 


emulator the capability to simulate the 8 Kbytes of 
(EP)ROM on those versions of the chip for code ver- 
ification and validation. 


PROCESSOR 
MODULE 
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Figure 1. The VLSICET™-96 Emulator 
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Memory Examination and Modification 


The memory space for the 8X9X component and its 
target hardware is accessible through the emulator. 
The VLSiCE-96 software allows the component’s 
special function registers to be accessed mnemoni- 
cally (e.g. AD__RESULT, INT__MASk). A significant 
benefit to the VLSICE-96 is its ability to read many of 
the write-only registers (e.g. |OCO, PWM__CON- 
TROL) and to write many of the read-only registers 
(e.g. AD_.RESULT, SBUFRX). 


Data can be displayed or modified in several bases: 
hex, decimal, and binary, and in standard formats 
- including: ASCII, real and integer. Program code can 
be disassembled and displayed as assembler mne- 
monics. It also can be modified with standard as- 
sembler statements. 


Memory locations can also be examined or modified 
by their symbolic references. A symbolic reference is 
a procedure name, line number, or label in the user 
program that corresponds to a memory location. 


Some typical symbolic functions include: 


e Changing or inspecting the value of a program 
variable by using its symbolic name, rather than 
the address of the memory lacation. 


e Defining break and trace events using symbolic 
references. 


e Referencing static variables, dynamic (stack-resi- 
dent) variables, based variables, and record 
structures combining primitive data types. The 
primitive data types are ADDRESS, BOOLEAN, 
BYTE, CHAR (character), WORD, DWORD (dou- 
ble word), INTEGER, LONGINT, SHORTINT, and 
REAL. 


The VLSiCE emulator maintains a virtual symbol ta- 
ble for program symbols making it possible for the 


* 
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table to exist without fitting entirely into host RAM 
memory. The size of the virtual symbol table is con- 
strained only by the capacity of the disk. 


Breakpoint Specifications 


Breakpoints allow halting of a user program in order 
to examine the effect of the program’s execution on 
the target system. Breakpoints can be defined as 
execution addresses, data addresses and data val- 
ues (both external and internal RAM), opcodes, se- 
lected bits of the PSW flag, and as 2 external inputs 
(SYNCOIN AND SYNC1IN). These breaks can be ar- 
ranged to occur over a range of addresses and with 
up to 8 levels of arming and disarming. After a break 
the user program can resume execution from where 
it left off. 


Trace Specifications 


Tracing can be triggered with the same conditions 
set for breaking. The trace buffer is displayed as dis- 
assembled instructions, data fetches and stores, 
and with the timetag showing the relative time at 
which the program executed each instruction. Figure 
2 shows a trace display as a result of the PRINT 
command. 


Normally, the VLSiCE-96 emulator traces program 
activity while the user program executes. With a 
trace specification, tracing can be specified to occur 
only when specific conditions are met during execu- 
tion. The trace buffer collects data for up to 4 Kbyte 
entries of information during emulation. 


The trace buffer can be examined during halt mode 
or if non-stop emulation is desired; the trace can be 
examined while emulation continues. If this second 
option is selected, trace collection stops while the 
trace buffer is uploaded to the host. 


Figure 2. The Trace Buffer Display 
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Arming and Triggering 


The VLSICE-96 command language allows specifi- 
cation of complex events with up to 8 states, each 
with several conditions. For example, a specification 
can be made that causes a break to occur when a 
variable is written only within a certain procedure. 
The execution of the procedure is the arm condition 
and the variable modification is the break condition. 
The arm condition is an optional part of a break/ 
trace sequence in the VLSICE emulator. A set of arm 
conditions can be used to ensure that a break is not 
possible until all required qualifying conditions are 
satisfied. 


Procedures 


Debugging procedures (PROCS) are a user-named 
group of VLSICE commands that are executed se- 
quentially. Procs can simulate missing hardware or 
software, collect debug information, and make trou- 
bleshooting decisions. They can be copied to text 
files on disk, then included from the file into the com- 
mand sequence in later test sessions. 


Procedures can also serve as programmable diag- 
nostics, implementing new emulator commands for 
special purpose. 


FASTBREAKS 


Fastbreaks make it possible to examine and modify 
memory without halting emulation. The commands 
that can be executed are simple one-access func- 
tions, such as, WORD 1FH or IOSO. When enabled, 
fastbreaks occur whenever a memory access is 
made. 


Breakpoints and tracepoints can be re-specified dur- 
ing emulation with fastbreaks enabled. 


While emulation does not halt during fastbreaks, a 
delay in code execution occurs when a fastbreak is 
requested. In most cases, this latency in code exe- 
cution is less than 150 us. 


Interrupts During Interrogation (IDI) 
Mode 


The VLSiCE-96 software can service and record in- 
terrupts even though emulation has been halted (in- 
terrogation mode). In the special mode designated 
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as IDI mode, hardware interrupts can be serviced 
while the emulator is being _ interrogated. 
Use of this mode is determined by the setting of a 
VLSiCE-96 pseudo-variable (IDI__PC). After break- 
ing from emulation or fastbreaks mode, whenever an 
interrupt occurs, the processor jumps to the appro- 
priate vector and executes the interrupt service rou- 
tine. 


The setting of another VLSICE-96 pseudo-variable 
(INT_.REC__EN) allows the recording of interrupts 
but not the servicing of interrupts, during halt mode. 
If the pseudo-variable is set to TRUE, all interrupts 
are recorded in the INT__PENDING register, and 
serviced when the emulator re-enters emulation. 


Dynamic Tracing 


The trace buffer can be accessed in two ways, dy- 
namically during emulation and statically after emu- 
lation halts. While dynamically tracing, any form of 
the PRINT command can be entered and the speci- 
fied portion of the trace buffer is displayed. This al- 
lows real-time display of processor activity. Display- 
ing the trace buffer during emulation stops collection 
of trace and some trace information can be lost, but 
emulation is unaffected. 


On-Line Syntax Guide 


A special syntax guide called the Integrated Com- 
mand Directory (ICD), at the bottom of the display 
screen, aids in creating syntactically correct com- 
mand lines. Figure 3 shows an example of the ICD 
for the GO command. 


HELP 


This feature provides assistance with the emulator 
commands through the host terminal. HELP is avail- 
able for most of the commands. Figure 4 shows help 
for one of the commands. 


Multi-Synchronous Operation 


The VLSiCE-96 emulator can run with other emula- 
tors, and lab equipment such as logic analyzers or 
oscilloscopes. VLSICE-96 emulators can be daisy- 
chained together in a network to work simultaneous- 
ly to test a prototype system. The multi-synchronous 
operation is facilitated by the optional multi- niet 
nous accessory. 
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hlt> GO 


FROM FOREVER USING TIL ; <execute> 


hlt> GO FROM 
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<address>.:<module-name> . <symbol> #< line-number> <expr> 


hlt> GO FROM 2080H 


FOREVER TIL USING ; <execute> 


hlt> GO FROM 2080H USING 


<brkreg name> <event reg name> 


hlt> GO FROM 2080H USING br 


» TRACE SYNCSTART FULLBUF ; <execute> 
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Figure 3. The Integrated Command Directory for the GO Command 


DESIGN CONSIDERATIONS 


There are design considerations to be aware of be- 
fore designing with the VLSiCE-96 emulator. 


Electrical Considerations 


The user pin timings, thresholds, and loadings are 
identical to the 8096 component except the RESET 
and CLKOUT pins have an additional loading of 
1 »A and 10 pF. The Non-Maskable Interrupt (NMI) 
is not supported. 


Min. Max. 
Clock Frequency 6 MHz 10 MHz 
Voc Emulator does not 
require system 
power to operate. 
loc OmA 


Mechanical Considerations 


The user plug is on the end of a three foot (1m) 
flexible cable. Adequate spacing must be provided 
on the target system to allow the emulation proces- 
sor board and user plug to be inserted into the target 
system. 


The height of the user plug should be considered for 
multiple board system prototypes that need to be 
debugged and tested. Be sure that the space be- 
tween the boards is greater than 114” (4 cm) to al- 
low for the user plug. 


Figure 5 shows the user plug dimensions. The user 
plug comprises the emulator processor board and 
the 68-pin or 48-pin adaptor. In the figure, please 
note the location of pin 1 on each adaptor. 
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hlit> HELP ASM 
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The ASM command displays or modifies memory as 8096 mnemonics. 


The syntax is; 


ASM <asm-sSpec> 


<asm=spec> Ant <partition> [='<asm96-inst>'[. 4g ARO Er -inst>']*] 


<address> = <er> 
where: 


<partition> 


Specifies the area of memory to be displayed or modified. 


<asm96-inst> specifies the 8096 assembly instructions to be assembled. 


<address> 


<er> 


is any valid 8096 address. 


indicates a carriage-return. 


The "ASM <address> =" syntax puts the user in line-mode, displaying the 
current address at which the assembly instruction will be ia alc and not 
requiring the quotes around the instructions. 


Please see the VLSiCE-96 User's Guide for more detailed information.» 


Figure 4. HELP Screen 


Other Considerations 
e The non-maskable interrupt (NMI) i is not support- 
ed. 


e The counters for the pulse width modulator 
(PWM) and hardware Timer1 can be out of sync if 
either are disabled during interrogation. Synchro- 
nize them by resetting the emulator. 


e The Zero flag is always cleared in the SUBC in- 
struction. Therefore, the relational operators 
<=-and > for LONG variables in C96 V1.0 and 
LONGINT variables in PL/M-96 V1.1, work incor- 
rectly. These languages have been tailored for 
the 8X9X-90 microcontroller which either sets or 
resets the Zero flag in the SUBC instruction. 


If there is a memory-resident program that is perma- 
nent on the PC, use of the DOS shell escape may 
corrupt the VLSiCE-986 software. To insure reliabili- 
ty, do not use the system escape on host systems 
that have permanent memory-resident programs. 


The VLSiCE-96 emulator has some properties that 
are inherent in the 8X9XBH component. These are: 


e Neither the source nor the destination address of 
the Multiply or Divide instructions can be a writa- 
‘ble special function register. 


e The special function registers, except RO, may 
not be used as base or index registers for in- 
dexed or indirect instructions. 


e Several of the special function registers can only 
be accessed as words, while others only as 
bytes. These restrictions are listed in the 8096 
User’s Manual. 


e The sticky flag is not affected when a skip by 0 is 
executed. 


e To emulate the 8X9X-90 microcontroller, memory 
location 2018H in both target system emulator 
mapped memory should be OFFH. 


e The JBS and JBC instructions cannot be used 
directly on Port 2.1. 


SPECIFICATIONS 


Host Requirements 


An IBM PC XT or PC AT with 512 Kbytes RAM and 
hard disk. Intel recommends and IBM PC AT with 
640 Kbytes of RAM, one floppy drive and one hard 
disk, running PC-DOS 3.1 or later. 
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68-PIN 
PLCC ADAPTOR 


48 PIN DIP 
ADAPTOR 
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Figure 5. Dimensions for the Emulator Processor Board and Adaptors 


An Intellec® Microcomputer Development System, 
Series Ill or Series IV, running under ISIS or iNDX, 
with at least 512 Kbytes of application memory resi- 
dent, with dual floppy or one hard disk and one flop- 
py drive required. 


VLSiICE-96 Software Package 


VLSiCE-96 emulator software 
VLSiCE-96 confidence tests 
VLSiCE-96 tutorial software 


System Performance 


Mappable zero wait- MinO Kbytes Mappable to 

state (up to 10 MHz). Max 64 Kbytes USer _ memory 
or ICE memory 
in 1K _ blocks 
on 1K bounda- 
ries. 


Trace Buffer 4 Kbytes x 48 bits 


Virtual Symbol Table A maximum of 61 Kbytes of 
host memory space is avail- 
able for the virtual symbol ta- 

_ ble (VST). The rest of the VST 
resides on disk and is paged 
in and out of host memory. as 
needed. 


Physical Characteristics 


Controller Pod | 


Width: 81%” (21 cm) 
Height: 11%” (4 cm) 
Depth: 131% (34 cm) 
Weight: 4 Ibs (2 kg) 
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Power Supply 


Width: 75%” (18 cm) 
Height: 4” (10 cm) 

Depth: 11” (28 cm) 
Weight: 15 Ibs (7 kg) 


User Cable 
ae G1) 


Serial Cable 
12’ (4 m) 


Electrical Characteristics 


Power Supply 


100V-120V or 200V-240V (selectable) 
50 Hz-60 Hz 

2 amps (AC max) @ 120V 

1 amp (AC max) @ 240V 


Environmental Characteristics 
Operating Temperature: 0°C to +40°C (+32°F to 
+ 104°F) 


Maximum of 85% relative 
humidity, non-condensing 


Operating Humidity: 


DOCUMENTATION 


VLSiICE-96 In-Circuit Emulator User’s Guide, order 
number 165814 


VLSICE-96 In-Circuit Emulator Pocket Reference, 
order number 165815 


VLSiCE-96 In-Circuit Emulator Installation Supple- 
ment, order number 166477 


VLSiCE-96 Emulator Tutorial Guide, order number 
165816 


Debug Editor User’s Guide, order 167098 


VLSiCE-96 IN-CIRCUIT EMULATOR 


VO96KITD 


ORDERING INFORMATION 


Emulator Hardware and Software 


Order Code Description 


VO96KITA  VLSICE-96 power supply and cable, 
emulation base, user cable, CPA, seri- 
al cables for PC AT and PC XT, 68-pin 
PGA target adaptor, ASM-96, AEDIT 
text editor. Host, probe, diagnostic 
and tutorial software is on 514” media 
for DOS hosts running DOS V3.0 or 
greater. [Requires software license.] 


Same as VO96KITAD without ASM-96 
and AEDIT text editor. 


VLSiICE-96 power supply and cable, 
emulation base, user cable, serial ca- 
ble, CPA, 68-pin PGA target adaptor, 
ASM-96, and AEDIT text editor. Host, 
probe, diagnostic and tutorial soft- 
ware is on 8” single density and 8” 
double density media for hosting on 
an Intel Series Ill, and 514” media for 
Series IV [Requires software license.] 


Same as VO96KITAS without ASM-96 
and AEDIT text editor. 


VO96KITAS 


VO96KITS 


Target Adaptor 


Order Code Description 
TAO96E Optional 68-pin PLCC Adaptor board 


TAO96B Optional 48-pin DIP Target Adaptor 
board. 


Multi-Synchronous Accessory 


Order Code Description 


MSA96 Optional Multi-Synchronous Accesso- 
ry for multi-ICE capability. 
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Software Only | 


Order Code Description 


SA096D 


SA096SD 


SA096S 


Software for host, probe, diagnostic 
and tutorial on 514” media for use 
with the PC AT and PC XT under PC- 
DOS V3.0 or greater. [Requires soft- 
ware license.] 


Software for host, probe, diagnostic 
and tutorial on 514” media for use 
with the PC AT and PC XT under PC- 
DOS V3.0 or greater. [Requires soft- 
ware license.] 


Software for host, probe, diagnostic 
and tutorial on 8” single density and 
8” double-density media for use with 
a Series Ill, and 514” media for use 
with a Series IV. [Requires software 
license.] 


Other Useful Intel 8X9X Debug and 
Development Support Products 


Order Code 
I86ASM96 


I86PLM96 


Description 


Consists of the ASM 96 macro as- 
sembler that translates symbolic 
assembly language mnemonics 
into relocatable object code, and 
the RL96 linker and relocator pro- 
gram that links modules generated 
by ASM 96 and PL/M 96 and lo- 
cates the linked object modules to 
absolute memory locations. Sys- 
tem requirements and Intellec Sys- 
tem running iNDX. 


Consists of the PL/M 96 compiler 
that provides high level program- 
ming language support, the LIB 96 
utility that creates and maintains li- 
braries of software object modules, 
the FPAL96 floating point arithme- 
tic library, and the RL96 linker and 
relocator program that links mod- 
ules generated by ASM 96 and 
PL/M 96 and locates the linked ob- 
ject modules to absolute memory 
locations. System requirements 
and Intellec System running iNDX. 


D86ASM96NL ASM/R&L 96 for PC-DOS. It con- 


D86PLM96NL 


D86C96NL 


pSBE96SKIT 


pSBES6DKIT 


tains a macro assembler, a linker/ 
locator utility, a floating point utility 
and a librarian. System require- 
ments are an IBM PC AT or PC XT 
with 512 Kbytes of RAM and PC- 
DOS 3.0 or greater. 


PL/M 96 and R&L for PC-DOS. It 
contains a compiler, a linker/loca- 
tor utility, a floating point utility and 
a librarian. System requirements 
are an IBM PC AT or PC XT with 
512 Kbytes of RAM and PC-DOS 
3.0 or greater. 


C96 and R&L for PC-DOS. Con- 
tains a compiler linker/locator utili- 
ty, and all standard C libraries 
including STDIO. System require- 
ments are an IBM PC AT or PC XT 
with 512 Kbytes of RAM and PC- 
DOS 3.0 or greater. 


iSBE-96 single board emulator for 
use with the Series III/IV develop- 
ment systems. The kit contains: 


iSBE-96 single board emulator 


iSBE-96 Series III/IV upgrade kit 
(cables and software needed to 
run on Intel Hosts). 


iSBE-96 single board emulator for 
use with the IBM PC AT and PC XT 
computer systems. The kit con- 
tains: iSBE-96 single board emula- 
tor 8096 software support package 
for PC-DOS. iSBE-96 DOS up- 
grade kit (cables and software 
needed to run on the IBM PC AT or 
PC XT). 


Running the iSBE-96 emulator on the Series II and 
iPDS system requires software from: 


U.S. Software Corporation 
5470 N.W. Innisbrook 
Portland, OR 97229 

Phone: 503-645-5043 
International Telex: 4993875 
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- PRELIMINARY 


REAL-TIME TRANSPARENT 80C196 IN-CIRCUIT EMULATOR 


REAL-TIME TRANSPARENT 80C 196 IN-CIRCUIT EMULATOR 


The ICE-196PC in-circuit emulator delivers real-time high-level debugging capabilities for developing, 
integrating and testing 80C196-based designs. Operating at the full speed of the 80C196 
microcontroller, the ICE-196PC provides precise I/O pin timings and functionality. The ICE-196PC 
also allows you to develop code before prototype hardware is available. The ICE-196PC in-circuit 
emulator represents a low-cost development environment for designing real-time microcontroller- 
based applications with minimal investment in time and resources. 


ICE™-196PC IN CIRCUIT EMULATOR FEATURES 


© Real-Time Emulation of the 80C196 e Symbolic Support and Source Code Display 
Microcontroller e Standalone Operation 

© 64K Bytes of Mappable Memory e Versatile and Powerful Host Software 

e 2k-entry Trace Buffer e Hosted On IBM PC XT, AT* or Compatibles 

e 3 Breakpoints or 1 Range Break With DOS 3.0 or Later 


REAL-TIME EMULATION 


The ICE-196PC provides real-time emulation with the precise input/output pin timings and functions 
across the full operating frequencies of the 80C196 microcontroller. The ICE-196PC connects to the 
intended 80C196 microcontroller socket via a 16" flex cable, which terminates in a 68-pin PLCC 
probe. 


MAPPABLE MEMORY 


The ICE-196PC has 64K bytes (65,536) of zero wait-state memory 
that can be enabled or mapped as read-only, write-only or read/write 
in 4K byte increments to simulate the internal (EP)ROM of the 
80C196 or external program memory. 


intel 


*PC XT, AT are trademarks of IBM. ' 
Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent licenses are 
implied. Information contained herein supersedes previously published specifications on these devices from Intel. 


AUGUST, 1987 
© Intel Corporation 1987 21-333 Order Number: 280727-001 


bare sri ai Teer ees ge Pou pas St alli Rio lacie rea Geert) gues 
ee 1 . . i ~ DG aa eS ap 7 inengee ery tO wag * Per hn SP ee ; ess ee yay eee ad 
“Pi ’ : ’ ed = = sy j e a é ’ < Pie Bye ry eg! - i 
Mic: | 
nn a aaa ee 
| 
TRACE BUFFER STANDALONE OPERATION 


The ICE-196PC contains a 2K (2048) entry trace buffer for 
keeping a history of actual instruction execution. The trace 
buffer can be displayed as disassembled instructions or, 
optionally, disassembled instructions and the original C-96 
and PL/M-96 source code. 


BREAK SPECIFICATION 


Three execution address breakpoints or one range of 
addresses can be active at any time. The ICE-196PC 
allows any number of breakpoints to be defined and 

activated when needed. 


SYMBOLIC SUPPORT AND SOURCE 
CODE DISPLAY 


Full ASM-96, PL/M-96 and C-96 language symbolics, 
including variable typing and scope, are supported by the 
ICE-196PC memory accesses, trace buffer display, 
breakpoint specification, and assembler/disassembler. 
Additionally, C-96 and PL/M-96 source code can be 
displayed to make development and debug easier. 


HOST REQUIREMENTS 


IBM PC XT, AT (or compatible) 
012K bytes RAM, Hard Disk 
PC-DOS 3.0 or Later 
(ne Unused Peripheral Slot 
DC Current 2.5A 


TARGET INTERFACE BOARD 
Length 2.0" (5.1cm) 


Height 1.2" (3.0cm) 
Width 2.3" (5.8cm) 


USER CABLE 
Length 15.6” (39.6cm) 


PROBE ELECTRICAL 


80C196* plus per pin d0pf loading 

ons propagation delay 
50mA @ 12 MHz 

3.5 to 12 MHz, 12 MHz only 
with CPA 


ENVIRONMENTAL CHARACTERISTICS 


Operating Temperature 10°C to 40°C 

37.5°F to 104 °F 
Maximum 55% Relative 
Humidity, non-condensing 


*This emulator supports the initial 80C 196 
microcontroller. The HOLD/HOLDA feature will be 
supported by a future product. 


Icc (from target system) 
Operating Frequency 


Operating Humidity 


Product software can be developed prior to hardware 
availability with the optional Crystal Power Accessory 
(CPA) and the ICE-196PC mappable memory. The CPA also 
provides diagnostic testing to assure full functionality of 
the ICE-196PC. 


VERSATILE AND POWERFUL HOST 
SOFTWARE 


The ICE-196PC comes equipped with an on-line help 
facility, a dynamic command entry and syntax guide, built- 
in editor, assembler and disassembler, and the ability to 
customize the command set via literal definitions and 
debug procedures. 


HOSTING 


The ICE-196PC is hosted on the IBM PC XT, AT or 
compatibles with PC-DOS 3.0 or later. 


SPECIFICATIONS ia : 


ORDERING INFORMATION 
Order Code Description 
ICE-196PC Emulation Board, user cable, target 


interface board (PLCC). host. 
diagnostic, and tutorial software on 
5%" DOS diskette, and Crystal Power 
Accessory with power cable 


ICE-196PCB Same as above except does not 
include Crystal Power Accessory 
CPA196 Crystal Power Accessory and power 
cable only 
D86C96BNL C-96 Compiler* . 
D86PLM96NL PL/M-96 Compiler* | 
D86ASM96NL ASM-96 Assembler* | 


*Includes; Relocator/Linker, Object-to-hex Converter, 
Floating Point Arithmetic Library. Librarian 


For more information or the number of your nearest sales 
Office call 800-548-4725 (good in the U.S. and Canada). 


UNITED STATES, Intel Corporation 
3065 Bowers Ave., Santa Clara, CA 95051 
Tel: (408) 987-8080 
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Zero Register, 17-17 
ADV (Address Valid), 17-12 
ALE (Address Latch Enable), 17-08, 17-11, 
19-09, 19-20, 19-26 
ALU (Arithmetic Logic Unit), 17-02 
Analog Inputs, 19-09 
Analog Interface, 17-33 
Analog Output, 19-17 | 
Analog Reference Voltages—A/D Converter, 19-11 
Analog-to-Digital Conversion (A/D), 17-33, 19-09 
Analog/Digital Converter (D/A), 17-35 
AND (Logical And Words), 18-05 
ANDB (Logical And Bytes), 18-06 
ANGND (Analog Ground), 17-33, 19-01, 19-11 
Assembly Language Addressing Modes, 17-17 
Auto Programming, 19-32 


17-12, 


B 

Back-Bias Generator, 19-03 

baop, 18-01 

Baud Rates, 17-38, 17-57, 19-19 

BEA, 18-01 

BHE (Bus High Enable), 17-08, 17-11, 19-09, 19-20, 
19-24 

Bit Operands, 17-14 

bitno, 18-01 

BR (Indirect), 18-07 

Branch, 18-07 

Break-Before-Make—A/D Converter, 19-16 

breg, 18-01 

Bus (System), 17-08, 17-40, 19-09, 19-20 

Bus Control, 17-11 

Bus Timings, 19-21 

BUSWIDTH, 17-10, 19-24 

Byte Operands, 17-14, 17-19 


Cc 
C Flag (see Carry Flag), 17-18 
cadd, 18-01 
CALL, 18-26, 18-40 
CAM (Content Addressable Memory), 17-28 
Carry Flag, 17-18, 18-41 | 
CCB (Chip Configuration Byte), 17-10, 19-36 
CCR (Chip Configuration Register), 17-09, 17-59, 
19-21, 19-36 
CEA, 18-01 
Channel-To-Channel Matching—A/D Converter, 
19-16 
Characteristic—A/D Converter, 19-16 
Chip Configuration Byte (see CCB), 17-10 
Chip Configuration Register (see CCR), 17-09 
Circuit 
Auto Programming, 19-32 
Configuration Byte Programming, 19-36 
D/A, 19-18 
Gang Programming, 19-33 
Oscillator, 19-02 
Reset, 19-04 
Suggested A/D Input, 19-11 
Clear Byte Instruction, 18-08 
Clear Carry Flag, 18-08 
Clear Word Instruction, 18-07 
Clearing the HSO, 17-32 
CLKOUT (Clock Out), 17-03, 17-09, 19-09, 19-21 
CLR (Clear Word), 18-07 
CLRB (Clear Byte), 18-08 
CLRC (Clear Carry Flag), 18-08 
CLRVT (Clear Overflow Trap), 18-09 
CMP (Compare Words), 17-19, 18-09 


21-335 


C (Continued) 

CMPB (Compare Bytes), 17-19, 18-10 
Code—A/D Converter, 19-16 

Code Center—A/D Converter, 19-16 
Code Transition—A/D Converter, 19-16 
Code Width—A/D Converter, 19-16 
Compare Bytes Instruction, 18-10 
Compare Words Instruction, 18-09 
Complement Instruction, 18-35, 18-36 
Condition Flags, 17-18 

Conditional Jumps, 17-19 

Configuration Byte Programming, 19-36 
-Content Addressable Memory (CAM), 17-28 
CPU (Central Processing Unit), 17-01 
Critical Regions, 17-26 

Crosstalk—A/D Converter, 19-16 


D 

D-Bus, 17-02 

D.C. Input Leakage—A/D Converter, 19-16 

D/A Circuits, 19-18 

D/A Converter, 19-17 

D/A Digital/Analog Converter, 17-35 

Data Program Command, 19-34 

Data Program/Verify Signals, 19-35 

Data Verify Command, 19-35 

DEC (Decrement Word), 18-10 

DECB (Decrement Byte), 18-11 

Decrement Byte Instruction, 18-11 

Decrement Word Instruction, 18-10 

DI (Disable Interrupts), 17-25, 17-27, 18-11 

Differential Sa ee ae Converter, 
19-15, 19-16 

Disabling The Watchdog, 17-43 

DIV (Divide Integers), 18-12 

DIVB (Divide Short-Integers), 18-12 

Divide, 18-12, 18-13 

DIVU (Divide Words), 18-13 

DIVUB (Divide Bytes), 18-13 

DJNZ (Dec and Jump if Not Zero), 18-14 

Double-Word Operands, 17-15, 17-19 

Drive and Interface Levels, 19-06 


E 
EA (External Access), 17-07, 17-10, 17-43, 
19-01, 19-30, 19-38 
EI (Enable Interrupts), 17-25, 17-27, 18-14 
EPROM, 17-07 
Erasing, 19-39 
Lock, 17-13, 19-38 
Programming, 19-30 
Timings, 19-28 
Erasing the 8799XBH EPROM, 19-39 
Examples 
Memory Systems, 19-25 
Port Reconstruction, 19-29 
Run-Time Programming, 19-37 
System Verification, 19-26 


E ; 

EXT (Sign Extend Integer into Long-Integer), 17-19, 
18-15 | 

EXTB (Sign Extend nuer-lnene into Integer), 17-19, 
18-15 

External Clock Drive, 17-03, 19-2 


F 

Feedthrough—A/D Converter, 19-15, 19-16 
FIFO (see HSI), 17-30 

Flag Settings, 18-01 

Flags, 17-18 

FPAL-96, 17-19 

Full-Scale Error—A/D Converter, 19-15, 19-16 


G 
Gang Programming 
Auto, 19-32 
Slave, 19-35 
Generic Jumps and Calls, 18-01 
BH, 18-01 
BR, 18-01 
CALL, 18-01 
JH, 18-01 
LCALL, 18-01 
LJMP, 18-01 
SCALL, 18-01 
SJMP, 18-01 
Global Interrupt Enable Bit (I Bit), 17-25 


H 
Hardware Connections minimum, 19-01, 19-04 
High Speed Inputs (see HSI), 17-28, 17-29 
High Speed Outputs (see HSO), 17-28, 17-31 
HSI, 17-28 

Input Timings, 19-18 

Interrupts, 17-30 

Modes, 17-30, 17-57 

Status, 17-30, 17-57 
HSO, 17-28, 17-36, 19-17 

CAM, 17-31 

Clearing, 17-32 

Command Tag, 17-32 

Interrupts, 17-31 

Output Timings, 19-18 

Pins, 19-08 

Status, 17-31, 17-32 


1 Bit (Global Interrupt Enable Bit), 17-25 


I/O Control Register 0 (IOCO), 17-41 
I/O Control Register 1 (IOC1), 17-42 
I/O Control Registers, 17-41 

I/O Ports, 17-39 

I/O Status Register 0 (IOS1), 17-42 
I/O Status Register 1 (IOS2), 17-42 
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| (Continued) 
I/O Timings, 19-18 
Ideal A/D Characteristic—A/D Converter, 
19-11, 19-16 
Immediate Addressing, 17-16, 18-01 
INC (Increment Word), 18-16 
INCB (Increment Byte), 18-16 
Increment Instruction, 18-16 
Indirect Addressing, 17-15, 18-01 
Indirect Shifts, 18-01 
Indirect with Auto-Increment Addressing, 17-16 
Input Ports, 17-39, 17-40, 19-08 
Input Resistance—A/D Converter, 19-16 
INST (Instruction), 19-20, 19-24 
INST Line Usage, 19-24 
Instruction Set, 17-18, 18-01 
Instruction Summary, 17-20, 17-21, 17-52, 17-53 
Integer Operands, 17-14, 17-19 
Interface Levels, 19-06 — 
Internal Memory 
EPROM, 17-07 
RAM, 17-04 
ROM, 17-07 
Internal Ready Control, 17-13 
Internal Timings, 17-03, 19-03 
Interrupt, 17-23, 17-24 
Control, 17-25 
Disable, 18-11 
Enable, 18-14 
Flags, 17-18 
Global Disable, 17-25 
HSI, 17-30 
HSO, 17-32 
Mask Register, 17-25 
Nonmaskable, 17-04 
Pending Register, 17-25, 17-27 
Priorities, 17-25 
Serial Port (TI/RI), 17-37, 19-19 
Software Timers, 17-33 
Timer, 17-28 
Timing, 17-27 
Vectors, 17-25, 17-58 
IOCO, 17-28, 17-41, 17-58 
IOC1, 17-28, 17-42, 17-58 
IOSO, 17-42, 17-58 
IOS1, 17-28, 17-42, 17-58 
IRCO, IRC1 Internal Ready Control, 17-31 _ 


J 

JBC (Jump if Bit Clear), 18-17 

JBS (Jump if Bit Set), 18-18 

JC (Jump if Carry Flag Set), 18-18 

JE (Jump if Equal), 18-19 

JGE (Jump if Signed Greater Than or Equal), 18-19 
JGT (Jump if Signed Greater Than), 17-19, 18-20 
JH (Jump if Higher Unsigned), 17-19, 18-20 

JLE (Jump if Less Than or Equal), 18-21 

JLT (Jump if Signed Less Than), 18-21 

JNC (Jump if Carry Flag is Clear), 18-22 

JNE (Jump if Not Equal), 18-22 


JNH (Jump if Not Higher Unsigned), 18-23 
JNST (Jump if Sticky Bit is Clear), 18-23 | 
JNV (Jump if Overflow Flag is Clear), 18-24 
JNVT (Jump if Overflow Trap is Clear), 18-24 
JST (Jump if Sticky Bit is Set), 18-25 
Jump, 18-29, 18-50 

Conditional], 17-19 

if Carry Flag Clear, 18-22 

if Sticky Bit Clear, 18-23 

on Bit Clear, 18-17 

on Bit Set, 18-18 

on Carry Flag Set, 18-18 
Jump to Self, 19-37 
JV (Jump if Overflow Flag is Set), 18-25 
JVT (Jump if Overflow Trap is Set), 18-26 


L 

LCALL (Long Call), 18-26 

LD (Load Word), 18-27 

LDB (Load Byte), 18-27 

LDBSE (Load Integer with Short-Integer), 17-19, 
18-28 

LDBZE (Load Word with Byte), 18-28 

Least Significant Bit—A/D Converter, 19-16 

LJMP (Long Jump), 18-29 

Load, 18-27 

Load Sign Extended, 18-28 

Load Zero Extended, 18-28 

LOCO LOC! Program Lock Control, 17-13 

Lock Modes, 17-13 

Lock Program, 19-38 

Long-Indexed Addressing, 17-16, 18-01 

Long-Integer Operands, 17-15, 17-19 

lreg, 18-01 

LSB—Least Significant Bit—A/D Converter, 19-16 


M 
MAO (Memory Address 0), 19-24 
MAO-MA15 (Memory Address 0-15), 17-08 
Memory 

Interface, 19-20 

Map, 17-04, 17-51 

Reserved Locations, 17-07 

Timings, 17-09 
Memory Controller, 17-01, 17-02, 17- 08 
Missed Codes—A/D Converter, 19-15, 19-16 
Mode 0 Timings Serial Port, 19-19 
Mode 2 and 3 Timings Serial Port, 19-20 
Modified Quick-Pulse Programming, 19-39 
Monotonic—A/D Converter, 19-15, 19-16 
Monotonicity—A/D Converter, 19-16 
MUL (Multiply Integers), 18-29, 18-30 
MULB (Multiply Short Integers), 18-30, 18-31 
Multiply, 18-29, 18-30, 18-31, 18-32, 18-33 
Multiprocessor Communications, 17-39 
MULU (Multiply Words), 18-31, 18-32 
MULUB (Multiply Bytes), 18-32, 18-33 
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N Flag (see Negative Flag), 17-18 

NEG (Negate Integer), 18-33 

Negate Instruction, 18-33, 18-34 

Negative Flag, 17-18 

NEGB (Negate Short-Integer), 18-34 

NMI (Non-Maskable Interrupt), 17-04, 19-01 

No Missed Codes—A/D Converter, 19-15, 19-16 

Noise Protection, 19-28 

Non-Linearity—A/D Converter, 19-15, 19-16 

Nonmaskable Interrupt, 17-04 

NOP (No-Operation), 18-34 

NORML (Normalize Long-Integer), 17-19, 17-27, 
18-35 

NOT (Complement Word), 18-35 

NOTB (Complement Byte), 18-36 


O 

Off-Isolation—A/D Converter, 19-15, 19-17 
Opcode, 18-01 

Opcode List, 17-54, 17-55, 17-56 

Open Drain Ports, 19-08 

-Operand Addressing, 17-15 

Operand Types, 17-14 

Operating Modes, 17-09 

OR (Logical OR Words), 18-36 

ORB (Logical OR Bytes), 18-37 
Oscillator, 17-03, 19-01, 19-02 

Output Ports, 17-40 

Overflow Flag, 17-18, 18-24, 18-25 
Overflow Trap, 17-18, 18-09, 18-24, 18-26 


p 
Packaging, 17-48, 19-29 
Packaging Diagram, 17-49 
PACT (Programming Active), 19-31 
PALE (Programming ALE Input), 19-31 
PC (Program Counter), 17-02, 18-01 
PCCB (Programming CCB), 17-10, 19-30, 19-36 
PCCR Programming Chip Configuration Register 
(PCCR), 19-30 
PDO (Program Duration Overflow), 19-31 
Phase 
Internal Clock, 17-03 
Pin Description, 17-44, 17-45, 17-46 
Pin List, 17-47 
‘ Pinouts, 17-50 
PLM-96, 17-22 
PLMREG, 17-22 


PMODE (Programming Mode), 17-59, 19-30, 19-31 


POP (POP Word), 18-37 
Pop Flags, 18-38 
Pop Word, 18-37 
POPF (Pop Flags), 17-27, 18-38 
Port 0, 17-40 
Timings, 19-19 
Port 1, 17-40 
Timings, 19-19 


Pp 
Port 2, 17-39, 17-40, 17-59 

Alternate Functions, 17-39 

Timings, 19-19 
Port 3, 17-40, 19-31 

Timings, 19-19 
Port 4, 17-40, 19-31 

Timings, 19-19 
Port Reconstruction, 19-28 
Power Down, 17-05 
Power Down Circuitry, 19-06 
PROG (Programming Pulse), 19-31 
Program Counter (PC), 17-02, 18-01 
Program Lock, 17-13, 19-38 
Program Status Word (PSW), 17-02, 17-17, 17-25 
Program Verified, 19-31 
Program/Verify Signals, 19-35 
Programming, 19-30 

Auto, 19-32 

Configuration Byte, 19-36 

Gang-Auto, 19-32 

Gang-Slave, 19-35 

Mode Select, 19-31 

Modes, 19-30 

Run-Time, 19-37 | 

Slave, 19-34 
Programming Active, 19-31 
Programming ALE Input, 19-31 
Programming Chip Configuration Byte (PCCB), 17-10, 

19-30 
Programming Duration Overflow, 19-31 
Programming Mode Pin Definitions, 19-31 
Programming Pulse, 19-31 


_ PSW (Program Status Word), 17-02, 17-17, 17-25 


Pulse Width Modulation (see PWM), 17-35 
PUSH (Push Word), 18-38 
Push Flags, 18-39 
Push Word, 18-38 
PUSHF (Push Flags), 17-27, 18-39 
PVER (Program Verified Output), 19-31 
PWM 
Using the HSO, 17-36 
PWM (Pulse Width Modulation), 17-35, 19-09, 19-17 


Q 

Quasi-Bidirectional Hardware Connections, 19-06 
Quasi-Bidirectional Port, NAD, 19-06, 19-07 
Queue, 17-08 


R 

RALU (Register/Arithmetic Logic Unit), 17-01, 17-02 
RAM 

__Internal Memory, 17-04 

RD (Read), 17-09, 19-09, 19-20 

Read, 17-09 

Ready, 17-09, 17-13, 19-21 

Ready Control, 17-13 
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R (Continued) 
Receive Interrupt (RI), 17-37, 19-19 
Register Direct Addressing, 17-15, 18-01 
Register File, 17-01, 17-02, 17-04 
Register Utilization, 17-22 
REN (Receiver Enable), 17-37, 19-19 
Repeatability—A/D Converter, 19-17 
Reserved Memory Locations, 17-07 
Reset, 17-03, 17-05, 17-43, 19-03 

Instruction, 18-40, 19-28 

Multiple Chip, 19-04 

Sequence, 19-03 

Status, 17-44 

Sync Mode, 17-44 
Reset Signal, 17-43 
Resolution—A/D Converter, 19-17 
RET (Return), 18-39 
Return, 18-39 
RI (Receive Interrupt), 17-37, 19-19 
ROM, 17-07 
ROM/EPROM Dump Mode, 19-38 
ROM/EPROM Lock, 17-13, 19-38 
RST (Reset Instruction), 18-40, 19-28 
Run-Time Programming, 19-37 
RXD (Receive Pin), 19-09 


Ss 
SALE (Slave ALE), 19-31 
Sample Delay—A/D Converter, 19-17 


Sample Delay Uncertainty—A/D Converter, 19-17 


Sample Time—A/D Converter, 19-17 


Sample Time Uncertainty—A/D Converter, 19-17 


Sample Window—A/D Converter, 19-17 
Sampling Circuitry—A/D Input, 19-10 
SBUF (Serial Port Buffer), 17-37 
SCALL (Short Call), 18-40 
Security Key, 19-38 
Serial Port, 17-36 
Buffer (SBUF), 17-37 
Control/Status, 17-37 
Mode 0, 17-36 
Mode 0 Example, 19-20 
Mode 0 Timings, 19-19 
Mode 1, 17-37 
Mode 2, 17-37 
Mode 2 and 3 Timings, 19-20 
Mode 3, 17-37 
Timings, 19-19 
SETC (Set Carry Flag), 18-41 
SFR, 17-01, 17-04, 17-05 
SFR Summary, 17-06, 17-57 
Shift Indirect, 18-01 
SHL (Shift Word Left), 18-41 
SHLB (Shift Byte Left), 18-42 
SHLL (Shift Double-Word Left), 18-43 
Short-Indexed Addressing, 17-16, 18-01 
Short-Integer Operands, 17-14, 17-19 
SHR (Logical Shift Right Word), 18-44 


SHRA (Arithmetic Shift Right Word), 18-45 
SHRAB (Arithmetic Shift Right Byte), 18-46 
SHRAL (Arithmetic Shift Right Double-Word), 18-47 
SHRB (Logical Shift Right Byte), 18-48 

SHRL (Logical Shift Right Double-Word), 18-49 
SID (Slave ID), 19-31 

Sign Extend, 18-15 

Signature Word, 19-39 

SIGND, 17-27 

SJMP (Short Jump), 18-50 

SKIP (Two Byte No-Operation), 18-50 

Slave ALE, 19-31 

Slave ID Number, 19-31 

Slave PC, 17-02, 17-08 


_ Slave Programming, 19-34 


Slave Programming Mode Commands, 19-34 
Slave Programming Pulse, 19-31 

Software Overview, 17-14 

Software Protection, 17-43 

Software Standards, 17-22 

Software Timers, 17-33 

Software Trap, 18-55 

Special Function Register (see SFR), 17-01 
SPROG (Slave Programming Pulse), 19-31 
SP__CON, 17-37, 17-38, 17-57 

SP__STAT, 17-37, 17-38, 17-57 

ST (Store Word), 18-51 

ST Flag (see Sticky Bit), 17-18 

Stack Pointer, 17-04 

Stack Pointer Register Addressing, 17-17 
Standard Bus Control, 17-11 

Standard I/O Ports, 19-19 

State Time, 17-03 

State Time List, 17-54, 17-55, 17-56 

Status and Control Registers, 17-41 

STB (Store Byte), 18-51 ; 

Sticky Bit, 17-18, 18-25 

Store, 18-51 

SUB (Subtract Words), 18-52 

SUBB (Subtract Bytes), 18-53 

SUBC (Subtract Words with Borrow), 18-54 
SUBCB (Subtract Bytes with Borrow), 18-54 
Subroutine Linkage, 17-22 

Subtract, 18-52, 18-53, 18-54 

Successive Approximation—A/D Converter, 19-17 
Sync Mode, 19-05 

System Bus, 17-08, 17-40, 19-09, 19-20 . 
System Bus Timings, 19-21 

System Verification, 19-26 


‘s 

T2CLK (TIMER? Clock), 19-19 

T2RST (TIMER? Reset), 17-32 

TAVDV (ADDRESS Valid to DATA Valid), 19-22, 
19-27 

TAVGY (ADDRESS Valid to BUSWIDTH Valid), 

19-22 
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T (Continued) 
TAVLL (ADDRESS Valid to ALE/ADV Low), 19-23, 
19-27 
TB8/RB8, 17-37 
TCHCH (CLKOUT High to CLKOUT High), 19-23 
TCHCL (CLKOUT High to CLKOUT Low), 19-23 
TCLLH (CLKOUT Low to ALE High), 19-23 
TCLVL (CLKOUT Low to ALE/ADV Low), 19-23 
TCLYX (READY Hold after CLKOUT Low), 19-22 
Temperature Coefficients—A/D Converter, 19-17 
Terminal Based Characteristic—A/D Converter, 
19-14, 19-17 
Test, 19-01, 19-24 
THLHH (WRL WRH low to WRL WRH high), 
19-23, 19-27 
TI (Transmit Interrupt), 17-37, 19-19 
Timer 2, 17-32 
Timer Interrupts, 17-28 
Timings 
Definitions, 19-22, 19-23 
HSI/HSO, 19-18 
I/O, 19-18 
I/O Ports, 19-19 
Internal, 17-03, 19-03 
Serial Port, 19-19 
System Bus, 19-21 
TLHLL (ALE/ADV High to ALE/ADV Low), 19-23 
TLLAX (ALE/ADV Low to ADDRESS Invalid), 
19-23 
TLLCH (ALE/ADV Low to CLKOUT High), 19-23 
TLLGV (ALE/ADV Low to BUSWIDTH Valid), 
19-22 
TLLGX (BUSWIDTH Hold after ALE/ADV Low), 
19-22 
TLLHL (ALE/ADV Low to WRL WRH Low), 19-23 
TLLRL (ALE/ADV Low to RD Low), 19-23 


- TLLRL (ALE/ADV Low to RD or WR Low), 19-27 


TLLYH (ALE/ADV Low to READY High), 19-22 

TLLYL (ALE/ADV Low to READY Low), 19-22 

TOHCH (XTAL1 High to CLKOUT High), 19-23 

TOSC (Oscillator Period), 19-22 

TQVHL (OUTPUT Valid to WRL WRH Low), 19-23 

TQVWH (OUTPUT Valid to WR High), 19-23, 19-28 

Transmit Interrupt (TI), 17-37, 19-19 

TRAP (Software Trap), 17-27, 18-55 

TRHBX (RD High to INST BHE AD8-AD15 Inval- 
id), 19-23 

TRHDZ (RD High to DATA Float), 19-22 

TRHLH (RD (RD High to ALE/ADV High), 19-23 

TRLDV (RD Low to DATA Valid), 19-22, 19-27 

TRLRH (RD Low to RD High), 19-23 

TWHBX (WR High to INST BHE AD8-AD1S5 Inval- 
id), 19-23 

TWHLH (Write High to ALE/ADV High), 19-23 

TWHQX (WR High to OUTPUT Not valid), 19-23 

TWLWH (WR Low to WR High), 19-23 

TXD (Transmit Pin), 19-09 

TYLYH (READY Low to READY High), 19-22 


Vv 

V Flag (see Overflow Flag), 17-18 

Vcc, 19-01 

Vcc Rejection—A/D Converter, 19-15, 19-17 

Vpp (Powerdown Voltage), 17-05, 19-01 

Vrer (Analog Voltage Reference), 17-33, 19-01, 19-11 
Vss, 19-01 

Vssi, 19-01 

Vss2, 19-01 

VT Flag (see Overflow Trap), 17-18 


WwW 
waop, 18-01 
Watchdog Timer, 17-43, 19-05 
Disabling, 17-43, 19-05 
Word Dump Command, 19-35 
Word Operands, 17-14, 17-19 
WR (Write), 17-09, 17-11, 19-09, 19-20, 19-24 
wreg, 18-01 
WRH (Write High), 17-11, 17-12, 19-20, 19-24 
Write Strobe Mode, 17-12 
WRL (Write Low), 17-11, 17-12, 19-20, 19-24 


X 

XOR (Logical Exclusive-or Words), 18-55 
XORB (Logical Exclusive-or Bytes), 18-56 
XTAL Inputs, 17-03, 19-01, 19-02 


Z 

Z Flag (see Zero Flag), 17-18 

Zero Flag, 17-18 

Zero Offse-—A/D Converter, 19-15, 19-17 
Zero Register Addressing, 17-17 
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80C196 INDEX 


A 
A-To-D Converter, 20-26 
A/D Converter, 20-26 
A/D Converter Clock Prescaler, 20-27 
Address Valid Mode (ADV), 20-08 
Addressing Modes 
Direct, 20-13 
Immediate, 20-13 
Indexed Long, 20-13 
Indexed Short, 20-13 
Indirect, 20-13 
Indirect with Auto-Increment, 20-13 
ADV (Address Valid), 20-08 
AD__COMMAND, 20-26, 20-29, 20-31 
AD__RESULT, 20-27, 20-29, 20-31 
ALE (Address Latch Enable), 20-06, 20-08, 20-33, 
20-37 
Alternate Register Window (WSR = 15), 20-29 


B 
Baud Rate Values, 20-24 
BAUD_RATE, 20-29, 20-30 
BHE (Bus High Enable), 20-06, 20-08, 20-33 
BMOV (Block Move), 20-13 
Bus Control Modes 
Address Valid, 20-08 
Address Valid with Write Strobe, 20-08 
Standard Bus Control, 20-06 
Write Strobe, 20-06 
Bus Controller, 20-06 
Bus Modes 
Eight Bit, 20-06 
Sixteen Bit, 20-06 
BUSWIDTH, 20-06 


Cc 

C Flag (See Carry Flag), 20-12 

CAM (Content Addressable Memory), 20-19, 20-21 

Carry Flag, 20-12 

CCR (Chip Configuration Register), 20-06, 20-08, 
20-32, 20-34 

CDE (Clock Detect Enable), 20-37 

Chip Configuration Register (CCR), 20-06, 20-08, 
20-32, 20-34 

CLKOUT (Clock Out), 20-02, 20-33 

Clock Failure Detect, 20-37 

Clock Generator, 20-01 
Phases, 20-02 

Clock Prescaler A/D Converter, 20-27 

CMPL (Compare Long), 20-13 

Content Addressable Memory (CAM), 20-19, 20-21 

Converting Other MCS-96 Products to 80C196, 20-38 

CPU Features, 20-38 


D 

DI (Disable Interrupts), 20-10 

Direct Address Mode, 20-13 

DJNZW (Dec and Jump on Not Zero Word), 20-13 


3 

EA (External Access), 20-08, 20-28 
EI (Enable Interrupts), 20-10 
Enhancements vs 8X9XBH, 20-01 
EPROM Internal, 20-03 


F 
Feature Summary, 20-38 
Figure 
80C196KA Block Diagram, 20-01 
Address Valid Mode, 20-08 
Address Valid with Write Strobe Mode, 20-08 
All Possible Interrupt Sources, 20-09 
Bus Width Options, 20-06 
CHMOS Quasi-Bidirectional Port Circuit, 20-29 
Format of the Chip Configuration Register, 20-07 
HSI Block Diagram, 20-20 
HSI Mode Register, 20-21 
HSI Status Register, 20-21 
HSO Block Diagram, 20-22 
HSO Command Register, 20-22 
Instruction Execution State Times, 20-17, 20-18 
Instruction Set Summary, 20-14, 20-15, 20-16 
Internal Register Values Following RESET, 20-37 
Interrupt Pending Registers, 20-10 
Interrupt Response Time, 20-11 
Interrupt Vector Locations, 20-10 
IOCO Control of the HSI, 20-21 
Memory Map, 20-02 
Multiple Register Windows, 20-03 
Oscillator, 20-02 
Port 2 Multiple Functions, 20-28 
Powerdown/up Sequence, 20-34 
PWM Block Diagram, 20-27 
PWM Waveforms, 20-28 
Reset Sequence, 20-36 
Serial Port Frames Mode 1, 2 and 3, 20-24 
Serial Port Mode 0 Timings, 20-24 
Special Function Register Description, 20-05 
Special Function Registers (SFRs), 20-04 
Standard Bus Control, 20-07 
TIMER2 Control/Status Bits, 20-19 
Write Strobe Mode, 20-07 
Flags, 20-11 


G 
Global Disable Bit (I Bit), 20-10, 20-12 
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High Speed Inputs (HSI), 20-19, 20-20 
High Speed Outputs (HSO), 20-19, 20-21 
HSI (High Speed Inputs), 20-19, 20-20 
HSI Block Diagram, 20-20 

HSI FIFO, 20-20 

HSI Holding Register, 20-20 
HSI__MODE, 20-20, 20-29, 20-32 
HSI_STATUS, 20-20, 20-29, 20-32 
HSI__TIME, 20-20, 20-29 

HSO (High Speed Outputs), 20-19, 20-21 
HSO Block Diagram, 20-22 

HSO Command Register, 20-22 
HSO_.COMMAND, 20-21, 20-29, 20-32 
HSO__TIME, 20-21 


j ‘ 
I Bit (Global Disable Bit), 20-10, 20-12 
Idle Mode, 20-33 
IDLPD (Idle/Powerdown), 20-13, 20-33 
Immediate Addressing Mode, 20-13 
Indexed Long Addressing Mode, 20-13 
Indexed Short Addressing Mode, 20-13 
Indirect Addressing Mode, 20-13 
Indirect with Auto-Increment Addressing Mode, 20-13 
INST (instruction), 20-33, 20-37 
Instruction Execution State Times, 20-17, 20-18 
Instruction Queue, 20-06 
Instruction Set, 20-11 
Instruction Set Additions, 20-12 
Instruction Set Summary, 20-14, 20-15, 20-16 
Internal Memory 
EPROM, 20-03 
RAM, 20-02 
ROM, 20-03 
Internal Register Values Following RESET, 20-37 
Internal Timings, 20-02 
Interrupt Controller, 20-01, 20-02 
Interrupt Mask Register (INT__MASK), 20-10 
Interrupt Mask Register 1 (INT__MASK1), 20-09, 
20-10 
Interrupt Pending Register (IPEND), 20-10 
Interrupt Pending Register 1 (IPEND1), 20-10 
Interrupt Response Time, 20-11 
Interrupt Vector Locations, 20-10 


| (Continued 
Interrupts, 20-09 

A/D Conversion Complete, 20-21 

EXTINT, 20-34 

High Speed Output, 20-21 

HSI Data Available, 20-20 

HSI FIFO 4, 20-20 

HSI FIFO is Full, 20-20 

HSI.O Pin, 20-20 

NMI (Non-Maskable Interrupt), 20-09 

Port0.7, 20-34 

Receive, 20-25 

Serial Port, 20-25 

Software Timer, 20-21 

Software Trap, 20-11 

T2CAPture, 20-19 

TIMER Overflow, 20-19 

TIMER2 Overflow, 20-19 

Transmit, 20-25 

Unimplemented Opcodes, 20-11 
INT__MASK (Interrupt Mask Register), 20-10 
INT__MASK1 (Interrupt Mask Register 1), 20-09, 

20-10, 20-30 
IOCO (I/O Control Register 0), 20-20, 20-30, 20-33 
IOC1 (I/O Control Register 1), 20-30, 20-33 
IOC2 (I/O Control Register 2), 20-29, 20-31 
IOSO (I/O Status Register 0), 20-23, 20-30, 20-32 
IOS1 (1/O Status Register 1), 20-23, 20-30, 20-33 
IOS2 (I/O Status Register 2), 20-31 
IPEND (Interrupt Pending Register), 20-10 
IPEND1 (Interrupt Pending Register 1), 20-10, 20-30 
IRCO IRC1 (Internal Ready Control Bits 1 and 0), 

20-08 


L. 
LOCO LOC! (Lock Control Bits 1 and 2), 20-09 


M 

Memory Controller, 20-01, 20-02, 20-06 
Memory Map, 20-02 

Memory Protection, 20-09 

Microcode Engine, 20-02 

Minimum Hardware Connections, 20-35 
Mode 0 Serial Port, 20-23 

Mode 1 Serial Port, 20-23 

Mode 2 Serial Port, 20-23 

Mode 3 Serial Port, 20-23 
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Ni 

N Flag (See Negative Flag), 20-11 
Negative Flag, 20-11 

NMI (Non-Maskable Interrupt), 20-09 


oO 

ONCE Mode, 20-37 
Overflow Flag, 20-11 
Overflow Trap Flag, 20-11 


p 
Packages, 20-40 

Peripheral Description, 20-19 

Peripheral Features, 20-38 

Pin Definitions, 20-39 

Pin Descriptions, 20-41, 20-42 

Pinouts, 20-40 

POPA (Pop All Registers), 20-11, 20-12 
POPF (Pop Flags), 20-10 

PORTO, 20-28, 20-29 

PORTI, 20-28 

PORT2, 20-28 

PORTS 3 and 4, 20-28 

Powerdown Mode, 20-33, 20-34 
Powerdown/up Sequence, 20-34 
Processing Unit, 20-01 

Program Counter, 20-06 

Program Protection Features, 20-37 | 
Program Status Word (PSW), 20-10, 20-11 
Protection, 20-09, 20-37 

PSW (Program Status Word), 20-10, 20-11 
Pulse Width Modulation (PWM), 20-27 
PUSHA (Push All Registers), 20-11, 20-12 
PUSHF (Push Flags), 20-10 

PWM (Pulse Width Modulation), 20-27 
PWM__CONTROL, 20-30 


Q 
Quasi-Bidirectional Pins, 20-28 


Quasi-Bidirectional Port Circuit (CHMOS), 20-29 


Queue, 20-06 


R 
RAM Internal, 20-02 
RD (Read), 20-33, 20-37 
READY, 20-08 
Register File, 20-01, 20-02, 20-03 
RESET, 20-34, 20-35, 20-37 
Sequence, 20-36 
Sequence and Status, 20-35 
ROM Internal, 20-03 
RST (RESET), 20-37 


Ss 
SBUF (Serial Port Buffer), 20-25, 20-29, 20-30 
Serial Port, 20-23 
Mode 0, 20-23 
Mode 1, 20-23 
Mode 2, 20-23 
Mode 3, 20-23 
Serial Port Control, 20-25 
Serial Port Frames Mode 1, 2 and 3, 20-24 © 
Serial Port Mode 0 Timings, 20-24 
Serial Port Status Register (SP__STAT), 20-25 
SFR Bit Summary, 20-30 
SFR Description, 20-05 
SFR Windows 
Window 0, 20-03 
Window 15, 20-03 


SFRs, 20-02, 20-03, 20-04, 20-34 


SIGND (Signed Prefix for Mul and Div Instr), 20-11 

Slave Program Counter, 20-06 

Special Function Registers (See SFRs), 20-02, 20-03, 
20-04, 20-05, 20-34 

SP__CON, 20-25, 20-30, 20-32 

SP__STAT, 20-25, 20-29, 20-30 

ST (See Sticky Bit), 20-12 

Standard I/O Ports, 20-28 

State Time, 20-02 


+ 
T2CAPture Register, 20-19 
TEST Mode, 20-37 
TIMER], 20-19, 20-29 
TIMER2, 20-19, 20-29 
TRAP, 20-09, 20-11 


Vv 

V Flag (See Overflow Flag), 20-11 

Voc, 20-34. 

Vpp, 20-34 

VT Flag (See Overflow Trap Flag), 20-11 


WwW 

Watchdog Timer, 20-29, 20-33, 20-37 

Window Select Register (WSR), 20-03, 20-29, 20-31 
WR (Write), 20-06, 20-33 

WRH (Write High), 20-06 

Write Strobe Mode, 20-06 

WRL (Write Low), 20-06 

WSR (Window Select Register), 20-03, 20-29, 20-31 


X 
XTAL Pins, 20-02, 20-37 


a" 
Z Flag (See Zero Flag), 20-11 
Zero Flag, 20-11 
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80186 


HIGH INTEGRATION 16-BIT MICROPROCESSOR 


Integrated Feature Set 

— Enhanced 8086-2 CPU 

— Clock Generator 

— 2 Independent DMA Channels 

— Programmable Interrupt Controller 

— 3 Programmable 16-bit Timers 

— Programmable Memory and 
Peripheral Chip-Select Logic 

— Programmable Wait State Generator 

— Local Bus Controller 


Available in 10 MHz (80186-10) and 8 
MHz (80186) Versions 


High-Performance Processor 

— At 8 MHz provides 2 times the 
Performance of the Standard 8086 

— 4 MByte/Sec Bus Bandwidth 
interface @ 8 MHz 

— 5 MByte/Sec Bus Bandwidth 
Interface @ 10 MHz 


Direct Addressing Capability to 1 
MByte of Memory and 64 KByte I/O 


INT3/INTAI 
INT2/INTAO 


CLKOUT Vcc GND 


16-BIT 
SEGMENT 
REGISTERS 


C-BYTE 
RES | FETCH 
RESET P PQUEUE 


DEN watt 
RO ADO- A16/S3- 


INTO 


= Completely Object Code Compatible 


with All Existing 8086, 8088 Software 
— 10 New Instruction Types 


Complete System Development 

Support 

— Development Software; Assembler, 
PL/M, Pascal, Fortan, and System 
Utilities 

— In-Circuit-Emulator (I2ICET“-186) 

High Performance Numerical 

Coprocessing Capability Through 8087 

interface 


Available in 68 Pin: 

— Plastic Leaded Chip Carrier (PLCC) 
— Ceramic Pin Grid Array (PGA) 

— Ceramic Leadless Chip Carrier (LCC) 


(See Packaging Outlines and Dimensions, Order #231369) 


Available in EXPRESS 
— Standard Temperature with Burn-in 
— Extended Temperature Range 

(— 40°C to + 85°C) 


TMR OUT 1 TMROUTO 
ba IN be IN 


PROGRAMMABLE 
TIMERS 
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MAX COUNT \\\) 
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CONTROL REGISTERS 
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SOURCE POINTERS 
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Figure 1. 80186 Block Diagram 
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The Intel 80186 is a highly integrated 16-bit microprocessor. The 80186 effectively combines 15-20 of the 
most common 8086 system components onto one. The 80186 provides two times greater throughput than the 
standard 5 MHz 8086. The 80186 is upward compatible with 8086 and 8088 software and adds 10 new 


instruction types to the existing set. 
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Figure 2. 80186 Pinout Diagrams 
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Table 1. 80186 Pin Description 


| Symbol | PinNo. | Type | Name and Function 
‘Veo,Vec | 9,43 | |_| System Power: +5 volt power supply. 
[Vss.Vss___ | 26,60 | |__| System Ground. 


RESET decisis Reset Output indicates that the 80186 CPU is being reset, and can 


be used as a system reset. It is active HIGH, synchronized with the 
X1, X2 


processor clock, and lasts an integer number of clock periods 
corresponding to the length of the RES signal. 


Crystal Inputs X1 and X2 provide external connections for a 
fundamental mode parallel resonant crystal for the internal 
oscillator. Instead of using a crystal, an external clock may be 

applied to X1 while minimizing stray capacitance on X2. The input 
or oscillator frequency is internally divided by two to generate the 
clock signal (CLKOUT). 


Clock Output provides the system with a 50% duty cycle waveform. 
All device pin timings are specified relative to CLKOUT. CLKOUT 
has sufficient MOS drive capabilities for the 8087 Numeric 

Processor Extension. 


System Reset causes the 80186 to immediately terminate its 
present activity, clear the internal logic, and enter a dormant state. 
This signal may be asynchronous to the 80186 clock. The 80186 _ 
begins fetching instructions approximately 7 clock cycles after RES 
is returned HIGH. For proper initialization, Voc must be within 
specifications and the clock signal must be stable for more than 4 
clocks with RES held LOW. RES is internally synchronized. This 
input is provided with a Schmitt-trigger to facilitate power-on RES 
generation via an RC network. When RES occurs, the 80186 will 
drive the status lines to an inactive level for one clock, and then 
float them. 


TEST is examined by the WAIT instruction. If the TEST input is 
HIGH when “WAIT” execution begins, instruction execution will 
suspend. TEST will be resampled until it goes LOW, at which time 
execution will resume. If interrupts are enabled while the 80186 is 
waiting for TEST, interrupts will be serviced. This input is 
synchronized internally. 


Timer Inputs are used either as clock or control signals, depending 
upon the programmed timer mode. These inputs are active HIGH 
(or LOW-to-HIGH transitions are counted) and internally 
synchronized. 


Timer outputs are used to provide single pulse or continous 
waveform generation, depending upon the timer mode selected. 


DMA Request is driven HIGH by an external device when it desires 
that a DMA channel (Channel 0 or 1) perform a transfer. These 
signals are active HIGH, level-triggered, and internally 
synchronized. 


Non-Maskable Interrupt is an edge-triggered input which causes a 
type 2 interrupt. NMI is not maskable internally. A transition from a 
LOW to HIGH initiates the interrupt at the next instruction boundary. 
NMI is latched internally. An‘NMI duration of one clock or more will 
guarantee service. This input is internally synchronized. 


45, 44 Maskable Interrupt Requests can be requested by activating one of 
42 these pins. When configured as inputs, these pins are active HIGH. 
41 Interrupt Requests are synchronized internally. INT2 and INT3 may 

be configured via software to provide active-LOW interrupt- 
acknowledge output signals. All interrupt inputs may be configured 


CLKOUT 


RES 


NO 
aS 


TEST 


TMR IN 0, 
TMR IN 1 


TMR OUT 0, 
TMR OUT 1 


DRQO 
DRQ1 


> 
o 


face 
20 
21 


via software to be either edge- or level-triggered. To ensure 
recognition, all interrupt requests must remain active until the 
interrupt is acknowledged. When slave mode is selected, the 
function of these pins changes (see Interrupt Controller section of 
this data sheet). 
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Table 1. 60186 Pin Description (Continued) 


A19/S6, Address Bus Outputs (16-19) and Bus Cycle Status (3- 6) reflect the 
A18/S5, four most significant address bits during T;. These signals are active 
A17/S4, HIGH. During To, T3, Tw, and T4, status information is available on 
A16/S3 these lines as encoded sa 


aw I DMA Cycle 


S3, S4, and S5 are defined as LOW during To-T4. The status pins 
float during HOLD/HLDA. 


AD15-ADO0O Address/Data Bus (0-15) signals constitute the time multiplexed 
1 memory or I/O address (T4) and data (To, T3, Tw, and T4) bus. The 
bus is active HIGH. Ag is analogous to BHE for the lower byte of the 
data bus, pins D7 through Dp. It is LOW during T; when a byte is to 
be transferred onto the lower portion of the bus in memory or I/O 
operations. 


BHE/S7 During T; the Bus High Enable signal should be used to determine if 
data is to be enabled onto the most significant half of the data bus; 
pins D}5—-Dg. BHE is LOW during T; for read, write, and interrupt 
acknowledge cycles when a byte is to be transferred on the higher 
half of the bus. The S7 status information is available during To, T3, 
and T4. S7 is logically equivalent to BHE. BHE/S7 floats during 
HOLD. 


BHE and AO Encodings. 
AO wave Siac "ae 


a Word Transfer 


0 Byte Transfer on upper half of 
data bus (D15-D8) 
Byte Transfer on lower half of 
data bus (D7—Do) 
Reserved 


ALE/QS0O ee Latch Enable/ ra Status 0 is provided by the 80186 to 
latch the address into the 8282/8283 address latches. ALE is active 
HIGH. Addresses are guaranteed to be valid on the trailing edge of 
ALE. The ALE rising edge is generated off the rising edge of the 
CLKOUT immediately preceding T; of the associated bus cycle, 
effectively one-half clock cycle earlier than in the standard 8086. The 
trailing edge is generated off the CLKOUT rising edge in T; as in the 
8086. Note that ALE is never floated. 


Write Strobe/Queue Status 1 indicates that the data on the bus is to 
be written into a memory or an I/O device. WR is active for To, T3, 
and Tw of any write cycle. It is active LOW, and floats during 
“HOLD.” It is driven HIGH for one clock during Reset, and then 
floated. When the 80186 is in queue status mode, the ALE/QS0 and 
WR/QS‘1 pins provide information about processor/instruction 


queue interaction. 
Queue Operation 


No queue operation 

First opcode byte fetched from 
the queue 

Subsequent byte fetched from 
the queue 

Empty the queue 
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Table 1. 80186 Pin Description (Continued) 


| PinNo. | Type | = NameandFunction 


RD/QSMD Be Read Strobe indicates that the 80186 is performing a memory or I/O 
‘i oS 


read cycle. RD is active LOW for To, T3, and Tw of any read cycle. It 
is guaranteed not to go LOW in To until after the Address Bus is 
floated. RD is active LOW, and floats during ‘‘HOLD”’. RD is driven 
HIGH for one clock during Reset, and then the output driver is 
floated. A weak internal pull-up mechanism of the RD line holds it 
HIGH when the line is not driven. During RESET the pin is sampled 
to determine whether the 80186 should provide ALE, WR and RD, or 
if the Queue-Status should be provided. RD should be connected to 
GND to provide Queue-Status data. 


Asynchronous Ready informs the 80186 that the addressed memory 
space or I/O device will complete a data transfer. The ARDY input 
pin will accept an asynchronous input, and is active HIGH. Only the 
rising edge is internally synchronized by the 80186. This means that 
the falling edge of ARDY must be synchronized to the 80186 clock. If 
connected to Vcc, no WAIT states are inserted. Asynchronous ready 
(ARDY) or synchronous ready (SRDY) must be active to terminate a 
bus cycle. If unused, this line should be tied LOW to yield control to 
the SRDY pin. — 


Synchronous Ready must be synchronized externally to the 80186. 
The use of SRDY provides a relaxed system-timing specification on 
the Ready input. This is accomplished by eliminating the one-half 
clock cycle which is required for internally resolving the signal level 
when using the ARDY input. This line is active HIGH. If this line is 
connected to Vcc, no WAIT states are inserted. Asynchronous ready 
(ARDY) or synchronous ready (SRDY) must be active before a bus 
cycle is terminated. If unused, this line should be tied LOW to yield 
control to the ARDY pin. 


LOCK output indicates that other system bus masters are not to gain 
control of the system bus while LOCK is active LOW. The LOCK 
signal is requested by the LOCK prefix instruction and is activated at 
the beginning of the first data cycle associated with the instruction 
following the LOCK prefix. It remains active until the completion of 
the instruction following the LOCK prefix. No prefetches will occur 
while LOCK is asserted. When executing more than one LOCK 
instruction, always make sure there are 6 bytes of code between the 
end of the first LOCK instruction and the start of the second LOCK 
instruction. LOCK is active LOW, is driven HIGH for one clock during 
RESET, and then floated. 


Bus cycle status SO-S2 are encoded to provide bus-transaction 
information: 


80186 Bus Cycle Status Information 
Bus Cycle Initiated 


Interrupt Acknowledge 
Read I/O 

Write I/O 

Halt 

Instruction Fetch 
Read Data from Memory 
Write Data to Memory 
Passive (no bus cycle) 


The status pins float during HOLD/HLDA. — Ws 
S2 may be used as a logical M/IO indicator, and S1 as aDT/R 
indicator. 

The status lines are driven HIGH for one clock during Reset, and 
then floated until a bus cycle begins. 
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Table 1. 80186 Pin Description (Continued) 


HOLD (input) 
HLDA (output) 


HOLD indicates that another bus master is requesting the local bus. 
The HOLD input is active HIGH. HOLD may be asynchronous with 
respect to the 80186 clock. The 80186 will issue a HLDA (HIGH) in 
response to a HOLD request at the end of T4 or Tj. Simultaneous 
with the issuance of HLDA, the 80186 will float the local bus and 
control lines. After HOLD is detected as being LOW, the 80186 will 
lower HLDA. When the 80186 needs to run another bus cycle, it will 
again drive the local bus and control lines. 


Upper Memory Chip Select is an active LOW output whenever a 
memory reference is made to the defined upper portion (1K-256K 
block) of memory. This line is not floated during bus HOLD. The 
address range activating UCS is software programmable. 


Lower Memory Chip Select is active LOW whenever a memory 
reference is made to the defined lower portion (1K-—256kK) of 
memory. This line is not floated during bus HOLD. The address 
range activating LCS is software programmable. 


Mid-Range Memory Chip Select signals are active LOW when a 
memory reference is made to the defined mid-range portion of 
memory (8K-—512K). These lines are not floated during bus HOLD. 
The address ranges activating MCSO-3 are software 
programmable. 


Peripheral Chip Select signals 0-4 are active LOW when a 
reference is made to the defined peripheral area (64K byte I/O 
space). These lines are not floated during bus HOLD. The address 
ranges activating PCSO-4 are software programmable. 


Peripheral Chip Select 5 or Latched A1 may be programmed to 
provide a sixth peripheral chip select, or to provide an internally 
latched A1 signal. The address range activating PCS5 is software 
programmable. When programmed to provide latched. A1, rather 
than PCSS5, this pin will retain the previously latched value of A1 
during a bus HOLD. A1 is active HIGH. 


Peripheral Chip Select 6 or Latched A2 may be programmed to 
provide a seventh peripheral chip select, or to provide an internally 
latched A2 signal. The address range activating PCS6 is software 
programmable. When programmed to provide latched A2, rather 
than PCS6, this pin will retain the previously latched value of A2 
during a bus HOLD. A2 is active HIGH. 


Data Transmit/Receive controls the direction of data flow through 
the external 8286/8287 data bus transceiver. When LOW, data is 
transferred to the 80186. When HIGH the 801 86 places write data 
on the data bus. 


Data Enable is provided as an 8286/8287 data bus transceiver 
output enable. DEN is active LOW during each memory and I/O 
access. DEN is HIGH whenever DT/R changes state. 
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FUNCTIONAL DESCRIPTION 


Introduction 


The following Functional Description describes the 
base architecture of the 80186. This architecture is 
common to the 8086, 8088, and 80286 microproces- 
sor families as well. The 80186 is a very high inte- 
gration 16-bit microprocessor. It combines 15-20 of 
the most common microprocessor system compo- 
nents onto one chip while providing twice the per- 
formance of the standard 8086. The 80186 is object 
code compatible with the 8086/8088 microproces- 
sors and adds 10 new instruction types to the exist- 
ing 8086/8088 instruction set. 


80186 BASE ARCHITECTURE 
The 8086, 8088, 80186, and 80286 family all contain 


the same basic set of registers, instructions, and ad-. 


dressing modes. The 80186 processor is upward 
compatible with the 8086, 8088, and 80286 CPUs. 


Register Set 


The 80186 base architecture has fourteen registers 
as shown in Figures 3a and 3b. These registers are 
grouped into the following categories. 


General Registers 


Eight 16-bit general purpose registers may be used 
to contain arithmetic and logical operands. Four of 
these (AX, BX, CX, and DX) can be used as 16-bit 
registers or split into pairs of separate 8-bit registers. 


16-BIT SPECIAL 
REGISTER REGISTER 
FUNCTIONS 


BYTE MULTIPLY/DIVIDE 
ADDRESSABLE 1/0 INSTRUCTIONS 


(8-BIT 
REGISTER 
NAMES 
SHOWN) 


BASE REGISTERS 


INDEX REGISTERS 


STACK POINTER 


GENERAL 
REGISTERS 


LOOP/SHIFT/REPEAT/COUNT 


Segment Registers 


Four 16-bit special purpose registers select, at any 
given time, the segments of memory that are imme- 
diately addressable for code, stack, and data. (For 
usage, refer to Memory Organization.) 


Base and Index Registers 


Four of the general purpose registers may also be 
used to determine offset addresses of operands in 
memory. These registers may contain base address- 
es or indexes to particular locations within a seg- 
ment. The addressing mode selects the specific reg- 
isters for operand and address calculations. 


Status and Control Registers 


Two 16-bit special purpose registers record or alter 
certain aspects of the 80186 processor state. These 
are the Instruction Pointer Register, which contains 
the offset address of the next sequential instruction 
to be executed, and the Status Word Register, which 
contains status and control flag bits (see Figures 3a 
and 3b). 


Status Word Description 


The Status Word records specific characteristics of 
the result of logical and arithmetic instructions (bits 
0, 2, 4, 6, 7, and 11) and controls the operation of 
the 80186 within a given operating mode (bits 8, 9, 
and 10). The Status Word Register is 16-bits wide. 
The function of the Status Word bits is shown in 
Table 2. 


CODE SEGMENT SELECTOR 
DATA SEGMENT SELECTOR 
STACK SEGMENT SELECTOR 
EXTRA SEGMENT SELECTOR 


SEGMENT REGISTERS 


STATUS WORD 
INSTRUCTION POINTER 


STATUS AND CONTROL 
REGISTERS 


Figure 3a. 80186 Register Set 
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CONTROL FLAGS: 
TRAP FLAG 
INTERRUPT ENABLE 
DIRECTION FLAG 
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Figure 3b. Status Word Format 


Table 2. Status Word Bit Functions | 
a kes grec 
Carry Flag—Set on high-order — 
bit carry or borrow; cleared 
otherwise 
Parity Flag—Set if low-order 8 
bits of result contain an even 
number of 1-bits; cleared 
otherwise 
4 AF | Seton carry from or borrow to 
the low order four bits of AL; 
cleared otherwise 

ZF | Zero Flag—Set if result is zero; 
cleared otherwise 

a SF | Sign Flag—Set equal to high- 
order bit of result (0 if positive, 
1 if negative) 

TF | Single Step Flag—Once set, a 
single step interrupt occurs 
after the next instruction 
executes. TF is cleared by the 
single step interrupt. 


Interrupt-enable Flag—When 
set, maskable interrupts will 
cause the CPU to transfer 
control to an interrupt vector 
specified location. 


Direction Flag—Causes string 
instructions to auto decrement 
the appropriate index register 

when set. Clearing DF causes 
auto increment. 


Overflow Flag—Set if the 
signed result cannot be 
expressed within the number 
of bits in the destination 
operand; cleared otherwise 


Instruction Set 


The instruction set is divided into seven categories: 
data transfer, arithmetic, shift/rotate/logical, string 
manipulation, control transfer, high-level instruc- 
tions, and processor control. These categories are 
summarized in Figure 4. 


An 80186 instruction can reference anywhere from 
zero to several operands. An operand can reside in 
a register, in the instruction itself, or in memory. Spe- 
cific operand addressing modes are discussed later 
in this data sheet. 


Memory Organization 


Memory is organized in sets of segments. Each seg- 
ment is a linear contiguous sequence of up to 64K 
(216) 8-bit bytes. Memory is addressed using a two- 
component address (a pointer) that consists of a 16- 
bit base segment and a 16-bit offset. The 16-bit 
base values are contained in one of four internal 
segment register (code, data, stack, extra). The 
physical address is calculated by shifting the base 
value LEFT by four bits and adding the 16-bit offset 
value to yield a 20-bit physical address (see Figure 
5). This allows for a 1 MByte physical address size. 


_ All instructions that address operands in memory 


must specify the base segment and the 16-bit offset 
value. For speed and compact instruction encoding, 
the segment register used for physical address gen- 
eration is implied by the addressing mode used (see 
Table 3). These rules follow the way programs are 
written (See Figure 6) as independent modules that 


- require areas for code and data, a stack, and access 


to external data areas. 


Special segment override instruction prefixes allow 
the implicit segment register selection rules to be 
overridden for special cases. The stack, data, and 
extra segments may coincide for simple programs. 


es: eR ae if 


ay en) 
» 


mi 
2. 4 


Mo ad 


INPUT/OUTPUT 
Input byte or word REPE/REPZ Repeat while equal/zero 


OUT Output byte or word REPNE/REPNZ 3 Repeat while not equal/not zero 
ADDRESS OBJECT LOGICALS 
LEA Load effective address ae Bes or word 
LDS Load pointer using DS And hs or word ? 
LES ae ina ES “Inclusive or” byte or word 
ee ee TEST “Test” byte or word 
LAHF Load AH register from flags SHIFTS 


Store AH register in flags SHL/SAL 
SHR 
SAR Shift arithmetic right byte or word 


ADD 
ADC 
INO a 
AAA 
DAA 


ASCIl adjust for addition RCR Rotate through carry right byte or word 
FLAG OPERATIONS 


Decimal adjust for addition 36 
STC Set carry flag 
SUBTRACTION 
UB Subtract byte or word aa 
Complement carry flag 
BB Subtract byte or word with borrow a kdineinadl 
et direction fla 
DEC Decrement byte or word by 1 nee = 
Negate byte or word 
MP as —e ‘Aen Set interrupt enable flag 
S . Clear interrupt enable flag 
DAS 


S 
S 
C 
AA 


ASCIl adjust for subtraction : EXTERNAL SYNCHRONIZATION 
esitlas es PIER EL a 
MULTIPLICATION P 


MUL Multiply byte or word unsigned 
Integer multiply byte or word 


ASCIl adjust for multiply. . 


Lock bus during next instruction © 


D 3 
ow 
WD BOUND 


Figure 4. 80186 Instruction Set 
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JA/JNBE 
JAE/JNB 
JB/JNAE Jump if below/not above nor equal 
JBE/JNA CALL 


JE/JZ Jump if equal/zero JMP 
JGE/JNL Jump if greater or equal/not less LOOP 


JNE/JNZ Jump if not equal/not zero INTERRUPTS 


Jump if not overflow SIM no age hee 
JNP/JPO Jump if not parity/parity odd INTO Interrupt if overflow 
Jump if not sign IRET Interrupt return 


Figure 4. 80186 Instruction Set (Continued) 


To access operands that do not reside in one of the 
four immediately available segments, a full 32-bit 
pointer can be used to reload both the base (seg- 

MODULE A Ea | 


ment) and offset values. 


MODULE 8B CL 
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18 o ADDRESS 


0 
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PROCESS 
Figure 5. Two Component Address fron 
SEGMENT 
REGISTERS 


Table 3. Segment Register Selection Rules 


Memory | Segment 
Reference | Register 
Needed 


Instructions | Code (CS) | Instruction prefetch and 
immediate data. 
All stack pushes and 
pops; any memory 
references which use BP 
Register as a base 
register. 

Extra (ES) | All string instruction 
references which use 
the DI register as an 
index. 

Local Data | Data (DS) | All other data references. 


implicit Segment 
Selection Rule 


PROCESS 
DATA 
BLOCK 2 


| 1 
er 
MEMORY 
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Figure 6. Segmented Memory Helps 
Structure Software 
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Jc 
JG/JNLE 
JL/INGE LOOPE/LOOPZ 
LOOPNE/LOOPNZ 


Addressing Modes 


The 80186 provides eight categories of addressing 
modes to specify operands. Two addressing modes 
are provided for instructions that operate on register 
or immediate operands: 


e Register Operand Mode: The operand is located 
in one of the 8- or 16-bit general registers. 


e /mmediate Operand Mode: The operand is in- 
cluded in the instruction. 


Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: a seg- 
ment base and an offset. The segment base is sup- 
plied by a 16-bit segment register either implicitly 
chosen by the addressing mode or explicitly chosen 
by a segment override prefix. The offset, also called 
the effective address, is calculated by summing any 
combination of the following three address ele- 
ments: 


e the displacement (an 8- or 16-bit immediate value 
contained in the instruction); 


e the base (contents of either the BX or BP base 
registers); and 


e the index (contents of either the Si or DI index 
registers). 


Any carry out from the 16-bit addition is ignored. 
Eight-bit displacements are sign extended to 16-bit 
values. 


Combinations of these three address elements de- 
fine the six memory addressing modes, described 
below. 


e Direct Mode: The operand’s offset is contained in 
the instruction as an 8- or 16-bit displacement el- 
ement. 


e Register Indirect Mode: The operand’s offset is in 
one of the registers SI, DI, BX, or BP. 


e Based Mode: The operand’s offset is the sum of 
an 8- or 16-bit displacement and the contents of 
a base register (BX or BP). 


e /ndexed Mode: The operand’s offset is the sum 
of an 8- or 16-bit displacement and the contents 
of an index register (SI or Dl). 


e Based Indexed Mode: The operand’s offset is the 
sum of the contents of a base register and an 
Index register. 


e Based indexed Mode with Displacement: The op- 
erand’s offset is the sum of a base register’s con- 
tents, an index register’s contents, and an 8- or 
16-bit displacement. 
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Data Types 


The 80186 directly supports the following data 
types: 


e /nteger: A signed binary numeric value contained 
in an 8-bit byte or a 16-bit word. All operations 
assume a 2’s_ complement representation. 
Signed 32- and 64-bit integers are supported us- 
ing an 8087 Numeric Data Coprocessor with the 
80186. 


© Ordinal: An unsigned binary numeric value con- 
tained in an 8-bit byte or a 16-bit word. 


e Pointer: A 16- or 32-bit quantity, composed of a 
16-bit offset component or a 16-bit segment base 
component in addition to a 16-bit offset compo- 
nent. 


e String: A contiguous sequence of bytes or words. 
A string may contain from 1 to 64K bytes. 


e ASCIl: A byte representation of alphanumeric and 
control characters using the ASCII standard of 
character representation. 


e BCD: A byte a iaaa mpmsanite of the 
decimal digits 0- 


e Packed BCD: A ae (packed) representation of 
two decimal digits (0-9). One digit is stored in 
each nibble (4-bits) of the byte. 


e Floating Point: A signed 32-, 64-, or 80-bit real 
number representation. (Floating point operands 
are supported using an 8087 Numeric Data Co- 
processor with the 80186.) 


In general, individual data elements must fit within 
defined segment limits. Figure 7 graphically repre- 
sents the data types supported by the 80186. 


I/O Space 


The I/O space consists of 64K 8-bit or 32K 16-bit 
ports. Separate instructions address the I/O space 
with either an 8-bit port address, specified in the in- 
struction, or a 16-bit port address in the DX register. 
8-bit port addresses are zero extended such that 
Ai5-Ag are LOW. I/O port addresses OOF8(H) 
through OOFF(H) are reserved. 


Interrupts 


An interrupt transfers execution to a new program 
location. The old program address (CS:IP) and ma- 
chine state (Status Word) are saved on the stack to 
allow resumption of the interrupted program. Inter- 
rupts fall into three classes: hardware initiated, INT 
instructions, and instruction exceptions. Hardware 
initiated interrupts occur in response to an external 
input and are classified as non-maskable or maska- 
ble. 


7 
SIGNED 
BYTE 
SIGN BIT JL 
MAGNITUDE 


7 0 
UNSIGNED 
BYTE 
L MSB 
MAGNITUDE 


‘jae Uy gigi OT Ig 
SIGNED 
WORD 
SIGN BIT /,;“-MSB 
MAGNITUDE 


SIGNED 31 *3 +2> w15 +1 Og 
DOUBLE 


WORD‘ 
SIGN BIT- ,_ MSB 
’ MAGNITUDE 
+7 +2 
SIGNED 63 
QUAD 
WORD’ 


SIGN BIT 4; MSB 
MAGNITUDE 


+1 0 0 


15 
UNSIGNED 
WORD 
UmSsB 
MAGNITUDE 


0 


7 +N 
B 


DIGIT 1 DIGIT 0 


+1 0 


7 07 0 


Ci 


ASCII ASCIl ASC 
CHARACTERW CHARACTER; CHARACTER) 


7 tn. 73%) gir, © 6 
PACKED 

Sa eS | 

MOST 

SIGNIFICANT DIGIT 


LEAST 
. SIGNIFICANT DIGIT 


+X. -g745°.0 " 6 


715 *N 4 
STRING 
BYTE WORD N 


+3 +2 


715 


BYTE WORD 1 BYTE WORD 0 


31 +1 ied * 


POINTER 


16 15 


SELECTOR 
799+9 + 8 +7 
FLOATING 
POINT* 


SIGN BIT~ 


OFFSET 
$6. 40 4h 43. 42 AT 


EXPONENT MAGNITUDE 
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NOTE: 
*Supported by using an 8087 Numeric Data Coproces- 
sor with the 80186. 


Figure 7. 80186 Supported Data Types 


Programs may cause an interrupt with an INT in- 
struction. Instruction exceptions occur when an un- 
usual condition, which prevents further instruction 
processing, is detected while attempting to execute 
an instruction. If the exception was caused by exe- 
cuting an ESC instruction with the ESC trap bit set in 
the relocation register, the return instruction will 
point to the ESC instruction, or to the segment over- 
ride prefix immediately preceding the ESC instruc- 
tion if the prefix was present. In all other cases, the 
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return address from an exception will point at the 
instruction immediately following the instruction 
causing the exception. 


A table containing up to 256 pointers defines the 
proper interrupt service routine for each interrupt. In- 
terrupts 0-31, some of which are used for instruc- 
tion exceptions, are reserved. Table 4 shows the 
80186 predefined types and default priority levels. 
For each interrupt, an 8-bit vector must be supplied 
to the 80186 which identifies the appropriate table 
entry. Exceptions supply the interrupt vector inter- 
nally. In addition, internal peripherals and noncas- 
caded external interrupts will generate their own 
vectors through the internal interrupt controller. INT 
instructions contain or imply the vector and allow 
access to all 256 interrupts. Maskable hardware ini- 
tiated interrupts supply the 8-bit vector to the CPU 
during an interrupt acknowledge bus sequence. 
Non-maskable hardware interrupts use a predefined 
internally supplied vector. | 


Interrupt Sources 


The 80186 can service interrupts generated by soft- 
ware or hardware. The software interrupts are gen- 


erated by specific instructions (INT, ESC, unused 


OP, etc.) or the results of conditions specified by 
instructions (array bounds check, INTO, DIV, IDIV, 
etc.). All interrupt sources are serviced by an indirect 
call through an element of a vector table. This vector 
table is indexed by using the interrupt vector type 
(Table 4), multiplied by four. All hardware-generated 
interrupts are sampled at the end of each instruc- 
tion. Thus, the software interrupts will begin service 
first. Once the service routine is entered and inter- 
rupts are enabled, any hardware source of sufficient 
priority can interrupt the service routine in progress. 


The software generated 80186 interrupts are de- 
scribed below. : 


DIVIDE ERROR EXCEPTION (TYPE 0) 


Generated when a DIV or IDIV instruction quotient 
cannot be expressed in the number of bits in the 
destination. 


SINGLE-STEP INTERRUPT (TYPE 1) 


Generated after most instructions if the TF flag is 
set. Interrupts will not be generated after prefix in- 
structions (e.g., REP), instructions which modify seg- 
ment registers (e.g., POP DS), or the WAIT instruc- 
tion. 


NON-MASKABLE INTERRUPT—NMI (TYPE 2) 


An external interrupt source which cannot be 
masked. 
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Divide Error DIV, IDIV 

Exception 

Single Step All 
Interrupt 

NMI All 

Breakpoint INT 
Interrupt 

INTO Detected INTO 
Overflow 
Exception 

Array Bounds 
Exception 

Unused-Opcode 
Exception 

ESC Opcode 
Exception 

Timer 0 Interrupt 

Timer 1 Interrupt 

Timer 2 Interrupt 

Reserved 

DMA 0 Interrupt 

DMA 1 Interrupt 

INTO Interrupt 

{J INT1 Interrupt 
INT2 Interrupt 
INT3 Interrupt 


BOUND 


Undefined 
Opcodes 
*4*** | ESC Opcodes 
2A* * **K 
2B* * 
2C;* * * 


NOTES: 

_*1. These are generated as the result of an instruction exe- 
cution. 

**2. This is handled as in the 8086. 

****3 All three timers constitute one source of request to 
the interrupt controller. The Timer interrupts all have the 
same default priority level with respect to all other interrupt 
sources. However, they have a defined priority ordering 
amongst themselves. (Priority 2A is higher priority than 2B.) 
Each Timer interrupt has a separate vector type number. 
4. Default priorities for the interrupt sources are used only if 
the user does not program each source into a unique prior- 
ity level. 

***5_ An escape opcode will cause a trap only if the proper 
bit is set in the peripheral control block relocation register. 


BREAKPOINT INTERRUPT (TYPE 3) 


A one-byte version of the INT instruction. It uses 12 
as an index into the service routine address table 
(because it is a type 3 interrupt). 


INTO DETECTED OVERFLOW EXCEPTION 
(TYPE4) 


Generated during an INTO instruction if the OF bit is 
set. 


ARRAY BOUNDS EXCEPTION (TYPE 5) 


Generated during a BOUND instruction if the array 
index is outside the array bounds. The array bounds 
are located in memory at a location indicated by one 
of the instruction operands. The other operand indi- 
cates the value of the index to be checked. 


UNUSED OPCODE EXCEPTION (TYPE 6) 


Generated if execution is attempted on undefined 
opcodes. 


ESCAPE OPCODE EXCEPTION (TYPE 7) 


Generated if execution is attempted of ESC opcodes 
(D8H-—DFH). This exception will only be generated if 
a bit in the relocation register is set. The return ad- 
dress of this exception will point to the ESC instruc- 
tion causing the exception. If a segment override 
prefix preceded the ESC instruction, the return ad- 
dress will point to the segment override prefix. 


Hardware-generated interrupts are divided into two 
groups: maskable interrupts and non-maskable in- 
terrupts. The 80186 provides maskable hardware in- 
terrupt request pins INTO-INTS. In addition, maska- 
ble interrupts may be generated by the 80186 inte- 
grated DMA controller and the integrated timer unit. 
The vector types for these interrupts is shown in Ta- 
ble 4. Software enables these inputs by setting the 
interrupt flag bit (IF) in the Status Word. The inter- 
rupt controller is discussed in the peripheral section 
of this data sheet. 


Further maskable interrupts are disabled while serv- 
icing an interrupt because the IF bit is reset as part 
of the response. to an interrupt or exception. The 
saved Status Word will reflect the enable status of 
the processor prior to the interrupt. The interrupt flag 
will remain zero unless specifically set. The interrupt 
return instruction restores the Status Word, thereby 
restoring the original status of IF bit. If the interrupt 
return re-enables interrupts, and another interrupt is 
pending, the 80186 will immediately service the 
highest-priority interrupt pending, i.e., no instructions 
of the main line program will be executed. 


Non-Maskable Interrupt Request (NMI) 


A non-maskable interrupt (NMI) is also provided. 
This interrupt is serviced regardless of the state of 
the IF bit. A typical use of NMI would be to activate a 
power failure routine. The activation of this input 
Causes an interrupt with an internally supplied vector 
value of 2. No external interrupt acknowledge se- 
quence is performed. The IF bit is cleared at the 
beginning of an NMI interrupt to prevent maskable 
interrupts from being serviced. 
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Single-Step Interrupt 


The 80186 has an internal interrupt that allows pro- 
grams to execute one instruction at a time. It is 
called the single-step interrupt and is controlled by 
the single-step flag bit (TF) in the Status Word. Once 
this bit is set, an internal single-step interrupt will 
occur after the next instruction has been executed. 
The interrupt clears the TF bit and uses an internally 
supplied vector of 1. The IRET instruction is used to 
set the TF bit and transfer control to the next instruc- 
tion to be single-stepped. 7 


Initialization and Processor Reset 


Processor initialization or startup is accomplished by 
driving the RES input pin LOW. RES forces the 
80186 to terminate all execution and local bus activi- 
ty. No instruction or bus activity will occur as long as 
RES is active. After RES becomes inactive and an 
internal processing interval elapses, the 80186 be- 
gins execution with the instruction at physical loca- 
tion FFFFO(H). RES also sets some registers to pre- 
defined values as shown in Table 5. 


Table 5. 80186 Initial Register State after RESET 


Status Word 
Instruction Pointer 
Code Segment 
Data Segment 


F002(H) 
0000(H) 
FFFF(H) 
0000(H) 
0000(H) 
0000(H) 
20FF(H) 
FFFB(H) 


Extra Segment 
Stack Segment 
Relocation Register 
UMCS 


80186 CLOCK GENERATOR 


The 80186 provides an on-chip clock generator for 
both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide- 
by-two counter, synchronous and asynchronous 
ready inputs, and reset circuitry. 


Oscillator 


The oscillator circuit of the 80186 is designed to be 
used with a parallel resonant fundamental mode 
crystal. This is used as the time base for the 80186. 
The crystal frequency selected will be double the 
CPU clock frequency. Use of an LC or RC circuit is 
not recommended with this oscillator. If an external 
oscillator is used, it can be connected directly to in- 
put pin X71 in lieu of a crystal. The output of the oscil- 
lator is not directly available outside the 80186. The 
recommended crystal configuration is shown in Fig- 
ure 8. 
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80186-10 (10 MHz) | 20] 
80186 (8 MHz) 


Figure 8. Recommended 80186 
Crystal Configuration 


The following parameters may be used for choosing 
a crystal: 


Temperature Range: 0 to 70°C 
ESR (Equivalent Series Resistance): 302M max 
Co (Shunt Capacitance of Crystal): 7.0 pf max 
C, (Load Capacitance): 20 pf + 2pf 
Drive Level: 1 mW max 


Clock Generator 


The 80186 clock generator provides the 50% duty 
cycle processor clock for the 80186. It does this by 
dividing the oscillator output by 2 forming the sym- 
metrical clock. If an external oscillator is used, the 
state of the clock generator will change on the fall- 
ing edge of the oscillator signal. The CLKOUT pin 
provides the processor clock signal for use outside 
the 80186. This may be used to drive other system 
components. All timings are referenced to the output 
clock. 


READY Synchronization 


The 80186 provides both synchronous and asyn- 
chronous ready inputs. Asynchronous ready syn- 
chronization is accomplished by circuitry which sam- 
ples ARDY in the middle of To, T3 and again in the 
middle of each Tw until ARDY is sampled HIGH. 
One-half CLKOUT cycle of resolution time is used. 
Full synchronization is performed only on the rising 
edge of ARDY, i.e., the falling edge of ARDY must 
be synchronized to the CLKOUT signal if it will occur 
during To, T3, or Tw. High-to-LOW transitions of 
ARDY must be performed synchronously to the CPU 
clock. 


A second ready input (SRDY) is provided to inter- 
face with externally synchronized ready signals. This 
input is sampled at the end of To, T3 and again at 
the end of each Tw until it is sampled HIGH. By 
using this input rather than the asynchronous ready 
input, the half-clock cycle resolution time penalty is 
eliminated. . 
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This input must satisfy set-up and hold times to guar- 
antee proper operation of the circuit. 


In addition, the 80186, as part of the integrated chip- 
select logic, has the capability to program WAIT 
states for memory and peripheral blocks. This is dis- 
cussed in the Chip Select/Ready Logic description. 


RESET Logic 


The 80186 provides both a RES input pin and a syn- 
chronized RESET pin for use with other system 
components. The RES input pin on the 80186 is pro- 
vided with hysteresis in order to facilitate power-on 
Reset generation via an RC network. RESET is 
guaranteed to remain active for at least five clocks 
given a RES input of at least six clocks. RESET may 
be delayed up to two and one-half clocks behind 
RES. 


Multiple 80186 processors may be synchronized 
through the RES input pin, since this input resets 
both the processor and divide-by-two internal coun- 
ter in the clock generator. In order to insure that the 
divide-by-two counters all begin counting at the 
same time, the active going edge of RES must satis- 
fy a 25 ns setup time before the falling edge of the 
80186 clock input. In addition, in order to insure that 
all CPUs begin executing in the same clock cycle, 
the reset must satisfy a 25 ns setup time before the 
rising edge of the CLKOUT signal of all the proces- 
sors. 


LOCAL BUS CONTROLLER 


The 80186 provides a local bus controller to gener- 
ate the local bus control signals. In addition, it em- 
ploys a HOLD/HLDA protocol for relinquishing the 
local bus to other bus masters. It also provides con- 
trol lines that can be used to enable external buffers 
and to direct the flow of data on and off the local 
bus. 


Memory/Peripheral Control 


The 80186 provides ALE, RD, and WR bus control 
signals. The RD and WR signals are used to strobe 
data from memory to the 80186 or to strobe data 
from the 80186 to memory. The ALE line provides a 
strobe to address latches for the multiplexed ad- 
dress/data bus. The 80186 local bus controller does 
not provide a memory/I/O signal. If this is required, 
the user will have to use the S2 signal (which will 
require external latching), make the memory and I/O 
spaces nonoverlapping, or use only the integrated 
chip-select circuitry. 


Transceiver Control 


The 80186 generates two control signals to be con- 


nected to 8286/8287 transceiver chips. This capa- 
bility allows the addition of transceivers for extra 
buffering without adding external logic. These con- 
trol lines, DT/R and DEN, are generated to control 
the flow of data through the transceivers. The opera- 
tion of these signals is shown in Table 6. 


Table 6. Transceiver Control Signals Description 


DEN (Data Enable) Enables the output 
drivers of the 
transceivers. It is active 
LOW during memory, 
1/O, or INTA cycles. 
Determines the direction 
of travel through the 
transceivers. A HIGH 
level directs data away 
from the processor 
during write operations, 
while a LOW level directs 
data toward the 
processor during a read 
operation. 


DT/R (Data Transmit/ 
Receive) 


Local Bus Arbitration 


The 80186 uses a HOLD/HLDA system of local bus 
exchange. This provides an asynchronous bus ex- 
change mechanism. This means multiple masters 
utilizing the same bus can operate at separate clock 
frequencies. The 80186 provides a single HOLD/ 
HLDA pair through which all other bus masters may 
gain control of the local bus. This requires external 
circuitry to arbitrate which external device will gain 
control of the bus from the 80186 when there is 
more than one alternate local bus master. When the 
80186 relinquishes control of the local bus, it floats 
DEN, RD, WR, S0-S2, LOCK, ADO-AD15, 
A16-A19, BHE, and DT/R to allow another master 
to drive these lines directly. 


The 80186 HOLD latency time, i.e., the time be- 
tween HOLD request and HOLD acknowledge, is a 
function of the activity occurring in the processor 
when the HOLD request is received. A HOLD re- 
quest is the highest-priority activity request which 
the processor may receive: higher than instruction 
fetching or internal DMA cycles. However, if a DMA 
cycle is in progress, the 80186 will complete the 
transfer before relinquishing the bus. This implies 
that if a HOLD request is received just as a DMA 
transfer begins, the HOLD latency time can be as 
great as 4 bus cycles. This will occur if a DMA word 
transfer operation is taking place from an odd ad- 
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dress to an odd address. This is a total of 16 clocks 
or more, if WAIT states are required. In addition, if 
locked transfers are performed, the HOLD latency 
time will be increased by the length of the locked 
transfer. ; 


Local Bus Controller and Reset 


Upon receipt of a RESET pulse from the RES input, 

the local bus controller will perform the following ac- 

tion: 

¢ Drive DEN, RD, and WR HIGH for one clock cy- 
cle, then float. 


bao NOTE: 

RD is also provided with an internal pull-up device 
to prevent the processor from inadvertently enter- 
ing Queue Status mode during reset. 


® Drive SO-S2 to the passive state (all HIGH) and 
then float. 


@ Drive LOCK HIGH and then float. 

e Float ADO-15, A16-19, BHE, DT/R. 

e Drive ALE LOW (ALE is never floated). 
e Drive HLDA LOW. 


INTERNAL PERIPHERAL INTERFACE 


All the 80186 integrated peripherals are controlled 
via 16-bit registers contained within an internal 256- 
byte control block. This control block may be 
mapped into either memory or I/O space. Internal 
logic will recognize the address and respond to the 
bus cycle. During bus cycles to internal registers, the 
bus controller will signal the operation externally 
(i.e., the RD, WR, status, address, data, etc., lines 
will be driven as in a normal bus cycle), but D;5_, 
SRDY, and ARDY will be ignored. The base address 
of the control block must be on an even 256-byte 
boundary (i.e., the lower 8 bits of the base address 
are all zeros). All of the defined registers within this 
control block may be read or written by the 80186 
CPU at any time. The location of any register con- 
tained within the 256-byte control block is deter- 
mined by the current base address of the control 
block. 


The control block base address is programmed via a 
16-bit relocation register contained within the control 
block at offset FEH from the base address of the 
control block (see Figure 9). It provides the upper 12 
bits of the base address of the control block. The 
control block is effectively an internal chip select 
range and must abide by all the rules concerning 
chip selects (the chip select circuitry is discussed 
later in this data sheet). Any access to the 256 bytes 
of the control block activates an internal chip select. 
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Other chip selects may overlap the control block 
only if they are programmed to zero wait states and 
ignore external ready. In addition, bit 12 of this regis- 
ter determines whether the control block will be 
mapped into |/O or memory space. If this bit is 1, the 
control block will be located in memory space, 
whereas if the bit is 0, the control block will be locat- 
ed in I/O space. If the control register block is 
mapped into I/O space, the upper 4 bits of the base 
address must be programmed as 0 (since I/O ad- 
dresses are only 16 bits wide). 


In addition to providing relocation information for the 
control block, the relocation register contains bits 
which place the interrupt controller into slave mode, 
and cause the CPU to interrupt upon encountering 
ESC instructions. At RESET, the relocation register 
is set to 20FFH. This causes the control block to 
start at FFOOH in I/O space. An offset map of the 
256-byte control register block is shown in Figure 
10. 


The integrated 80186 peripherals operate semi-au- 
tonomously from the CPU. Access to them for the 
most part is via software read/write of the control 
block: Most of these registers can be both read and 
written. A few dedicated lines, such as interrupts and 
DMA request provide real-time communication be- 
tween the CPU and peripherals as in a more con- 
ventional system utilizing discrete peripheral blocks. 
The overall interaction and function of the peripheral 
blocks has not substantially changed. 


CHIP-SELECT/READY GENERATION 
LOGIC 


The 80186 contains logic which provides program- 
mable chip-select generation for both memories and 
peripherals. In addition, it can be programmed to 
provide READY (or WAIT state) generation. It can 
also povide latched address bits A1 and A2. The 
chip-select lines are active for all memory and I/O 
cycles in their programmed areas, whether they be 
generated by the CPU or by the integrated DMA unit. 


Memory Chip Selects 


The 80186 provides 6 memory chip select outputs 
for 3 address areas; upper memory, lower memory, 
and midrange memory. One each is provided for up- 
per memory and lower memory, while four are pro- 
vided for midrange memory. 


The range for each chip select is user-programma- 
ble and can be set to 2K, 4K, 8K, 16K, 32K, 64K, 
128K (plus 1K and 256K for upper and lower chip 
selects). In addition, the beginning or base address 


22-16 


= 
xe < * 
‘ 


| 14 10148 A 
OFFSET: FEH 
. ET = ESCTrap/ No ESC Trap (1/0) 


Ae out “yt iL wees SE ew ee Se Shy Py ‘ 4 

a > é =< git y - +t 4-a md = ane od i 

a ee oS Pa. EES coe ee a ee te Seg eS; 
fa aE Oe eS eae ee NE 
ae sie Fatal 5 aR irae iS oe 2 eat aa 
as = ; . oy my 3 % Le Es eee Ie “i 


_—_ we 
ns A 


80186 


9 8 7 6 5 - 4 3 2 1 0 


15 
| ET |SLAVE/MASTER| X |M/IO Relocation Address Bits R19-R8 


M/IO = Register block located in Memory / |/O Space (1/0) 
SLAVE/MASTER = Configure interrupt controller for Slave/Master Mode (1/O) 


Figure 9. Relocation Register 


OFFSET 


FEH 


~ Relocation Register 


DMA Descriptors Channel 1 
DMA Descriptors Channel 0 


Chip-Select Control Registers 


Time 2 Control Registers 
Time 1 Control Registers 
- Time 0 Control Registers 


Interrupt Controller Registers 


Figure 10. Internal Register Map 


of the midrange memory chip select may also be 
selected. Only one chip select may be programmed 
to be active for any memory location at a time. All 
chip select sizes are in bytes, whereas 80186 mem- 
ory is arranged in words. This means that if, for ex- 
ample, 16 64K x 1 memories are used, the memory 
block size will be 128K, not 64K. 


Upper Memory CS 


The 80186 provides a chip select, called UCS, for 
the top of memory. The top of memory is usually 
used as the system memory because after reset the 
80186 begins executing at memory location 
FFFFOH. 


The upper limit of memory defined by this chip select 


_ is always FFFFFH, while the lower limit is program- 


mable. By programming the lower limit, the size of 
the select block is also defined. Table 7 shows the 
relationship between the base address selected and 
the size of the memory block obtained. 


Table 7. UMCS Programming Values 


Starting 
Address 
(Base 
Address) 


UMCS Value 
(Assuming 
RO=R1=R2=0) 


The lower limit of this memory block is defined in the 
UMCS register (see Figure 11). This register is at 
offset AOH in the internal control block. The legal 
values for bits 6-13 and the resulting starting ad- 
dress and memory block sizes are given in Table 7. 
Any combination of bits 6-13 not shown in Table 7 
will result in undefined operation. After reset, the 
UMCS register is programmed for a 1K area. It must 
be reprogrammed if a larger upper memory area is 
desired. 


Any internally generated 20-bit address whose up- 
per 16 bits are greater than or equal to UMCS (with 
bits O-—5 ‘0’’) will cause UCS to be activated. UMCS 
bits R2—RO are used to specify READY mode for the 
area of memory defined by this chip-select register, 
as explained below. 


Lower Memory CS 


The 80186 provides a chip select for low memory 
called LCS. The bottom of memory contains the in- 
terrupt vector table, starting at location OOOOOH. 
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The lower limit of memory defined by this chip select 
is always OH, while the upper limit is programmable. 
By programming the upper limit, the size of the 
memory block is also defined. Table 8 shows the 
relationship between the upper address selected 
and the size of the memory block obtained. 


Table 8. LMCS Programming Values 


LMCS Value 
(Assuming 


Address RO=R1=R2=0) 


003FFH 
007FFH 
OOFFFH 


O1FFFH 
03FFFH 
O7FFFH 
OFFFFH 
1FFFFH 
3FFFFH 


The upper limit of this memory block is defined in the 
LMCS register (see Figure 12). This register is at 
offset A2H in the internal control block. The legal 
values for bits 6-15 and the resulting upper address 
and memory block sizes are given in Table 8. Any 
combination of bits 6-15 not shown in Table 8 will 
result in undefined operation. After reset, the LMCS 
register value.is undefined. However, the LCS chip- 
select line will not become active until the RCS 
register is accessed. 


Any internally generated 20-bit address whose up- 
per 16 bits are less than or equal to LMCS (with bits 
0-5 “1’’) will cause LCS to be active. LMCS register 
bits R2—RO0 are used to specify the READY mode for 
the area of memory defined by this chip- select regis- 
ter. 


Mid-Range Memory CS 


The 80186 provides four MCS lines which are active 
within a user-locatable memory block. This block 
can be located within the 80186 1M byte memory 
address space exclusive of the areas defined by 
UCS and LCS. Both the base address and size of 
this memory block are programmable. 
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The size of the memory block defined by the mid- 
range select lines, as shown in Table 9, is deter- 


mined by bits 8-14 of the MPCS register (see Figure 


13). This register is at location A8H in the internal 
control block. One and only one of bits 8-14 must 
be set at a time. Unpredictable operation of the MCS 
lines will otherwise occur. Each of the four chip-se- 
lect lines is active for one of the four equal contigu- 
ous divisions of the mid-range block. Thus, if the to- 
tal block size is 32K, each chip select is active for 8K 
of memory with MCSO being active for the first range 
and MCS3 being active for the last range. 


The EX and MS in MPCS relate to peripheral func- 
tionally as described in a later section. 


Table 9. MPCS Programming Values 


Total Block Individual MPCS Bits 
Size Select Size 14-8 


0000001B 
0000010B 
0000100B 
0001000B 
0010000B 
0100000B 
1000000B 


The base address of the mid-range memory block is 
defined by bits 15-9 of the MMCS register (see Fig- 
ure 14). This register is at offset A6H in the internal 


control block. These bits correspond to bits 
A19-A13 of the 20-bit memory address. Bits 
A12-A0 of the base address are always 0. The base 
address may be set at any integer multiple of the 
size of the total memory block selected. For exam- 
ple, if the mid-range block size is 32K (or the size of 
the block for which each MCS line is active is 8k), 
the block could be located at 10000H or 18000H, 
but not at 14000H, since the first few integer multi- 
ples of a 32K memory block are OH, 8000H, 
10000H, 18000H, etc. After reset, the contents of 
both of these registers is undefined. However, none 
of the MCS lines will be active until both the MMCS 
and MPCS registers are accessed. 
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Figure 11. UMCS Register 
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Figure 12. LMCS Register 
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Figure 14. MMCS Register 


MMCS bits R2-RO specify READY mode of opera- 
tion for all mid-range chip selects. All devices in mid- 
range memory must use the same number of WAIT 
states. 


The 512K block size for the mid-range memory chip 
selects is a special case. When using 512K, the 
base address would have to be at either locations 
OOOOOH or 80000H. If it were to be programmed at 
O00000H when the LCS line was programmed, there 
would be an internal conflict between the LCS ready 
generation logic and the MCS ready generation log- 
ic. Likewise, if the base address were programmed 
at 80000H, there would be a conflict with the UCS 
ready generation logic. Since the LCS chip-select 
line does not become active until programmed, while 
the UCS line is active at reset, the memory base can 
be set only at OOOOOH. If this base address is select- 
ed, however, the LCS range must not be pro- 
grammed. 


Peripheral Chip Selects 


The 80186 can generate chip selects for up to seven 
peripheral devices. These chip selects are active for 
seven contiguous blocks of 128 bytes above a pro- 
grammable base address. This base address may 
be located in either memory or I/O space. 


Seven CS lines called PCSO-6 are generated by the 
80186. The base address is user-programmable; 


however it can only be a multiple of 1K bytes, i.e., 
the least significant 10 bits of the starting address 
are always 0. 


PCS5 and PCS6 can also be programmed to provide 
latched address bits A1, A2. If so programmed, they 
cannot be used as peripheral selects. These outputs 
can be connected directly to the AO, A1 pins used 
for selecting internal registers of 8-bit peripheral 
chips. This scheme simplifies the hardware interface 
because the 8-bit registers of peripherals are simply 
treated as 16-bit registers located on even bounda- 
ries in |/O space or memory space where only the 
lower 8-bits of the register are significant: the upper 
8-bits are “don’t cares.” 3 


The starting address of the peripheral chip-select 
block is defined by the PACS register (see Figure 
15). This register is located at offset A4H in the inter- 
nal control block. Bits 15-6 of this register corre- 
spond to bits 19-10 of the 20-bit Programmable 
Base Address (PBA) of the peripheral chip-select 
block. Bits 9-0 of the PBA of the peripheral chip-se- 
lect block are all zeros. If the chip-select block is 
located in I/O space, bits 12-15 must be pro- 
grammed zero, since the I/O address is only 16 bits 
wide. Table 10 shows the address range of each 
peripheral chip select with respect to the PBA con- 
tained in PACS register. 


Figure 15. PACS Register 
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The user should program bits 15-6 to correspond to 
the desired peripheral base location. PACS bits 0-2 
are used to specify READY mode for PCSO-PCS3. 


Table 10. PCS Address Ranges 


PCS Line | Active between Locations . 


PBA —PBA+ 127 


PBA + 128—PBA + 255 
PBA + 256—PBA + 383 


PBA+384—PBA+ 511 
PBA+512—PBA + 639 
PBA +640—PBA + 767 
PBA + 768—PBA + 895 


The mode of operation of the peripheral chip selects 
is defined by the MPCS register (which is also used 
to set the size of the mid-range memory chip-select 
block, see Figure 13). This register is located at off- 
set A8H in the internal control block. Bit 7 is used to 
select the function of PCS5 and PCS6, while bit 6 is 
used to select whether the peripheral chip selects 
are mapped into memory or I/O space. Table 11 
describes the programming of these bits. After reset, 
the contents of both the MPCS and the PACS regis- 
ters are undefined, however none of the PCS lines 
will be active until both of the MPCS and PACS reg- 
isters are accessed. 


Table 11. MS, EX Programming Values 


o Description 


1 = Peripherals mapped into memory space. 


0 = Peripherals mapped into I/O space. 
EX | 0 = 5 PCS lines. A1, A2 provided. 
1 = 7 PCS lines. A1, A2 are not provided. 


MPCS bits 0-2 are used to specify READY mode for 
PCS4-PCS6 as outlined below. 


READY Generation Logic 


The 80186 can generate a “READY” signal internal- 
ly for each of the memory or peripheral CS lines. The 
number of WAIT states to be inserted for each pe- 
ripheral or memory is programmable to provide 0-3 
wait states for all accesses to the area for which the 
chip select is active. In addition, the 80186 may be 
programmed to either ignore external READY for 
each chip-select range individually or to factor exter- 
nal READY with the integrated ready generator. 


READY control consists of 3 bits for each CS line or 
group of lines generated by the 80186. The interpre- 
tation of the ready bits is shown in Table 12. 


Table 12. READY Bits Programming 


0 wait states, external RDY 

| also used. 

1 wait state inserted, external RDY 
also used. 

2 wait states inserted, external RDY 
also used. 

3 wait states inserted, external RDY 


also used. 

0 wait states, external RDY 

ignored. 

1 wait state inserted, external RDY 
ignored. 

2 wait states inserted, external RDY 
ignored. 

3 wait states inserted, external RDY 
ignored. 


The internal ready generator operates in parallel 


with external READY, not in series if the external 


READY is used (R2 = 0). This means, for example, 


if the internal generator is set to insert two wait 
states, but activity on the external READY lines will 
insert four wait states, the processor will only insert 
four wait states, not six. This is because the two wait 
states generated by the internal generator over- 
lapped the first two wait states generated by the ex- 
ternal ready signal. Note that the external ARDY and 
SRDY lines are always ignored during cycles ac- 
cessing internal peripherals. 


R2-RO0 of each control word specifies the READY 
mode for the corresponding block, with the excep- 
tion of the peripheral chip selects: R2-RO of PACS 
set the PCSO-3 READY mode, R2- RO of MPCS set 
the PCS4-6 READY mode. 


Chip Select/Ready Logic and Reset 


Upon reset, the Chip-Select/Ready Logic will per- 
form the following actions: 


¢ All chip-select outputs will be driven HIGH. 


¢ Upon leaving RESET, the UCS line will be pro- 
grammed to provide chip selects to a 1K block 
with the accompanying READY control bits set at 
011 to allow the maximum number of internal wait 
states in conjunction with external Ready consid- 
eration (i.e., UMCS resets to FFFBH). . 
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e No other chip select or READY control registers 
have any predefined values after RESET. They 
will not become active until the CPU accesses 
their control registers. Both the PACS and MPCS 
registers must be accessed before the PCS lines 
will become active. | 


DMA CHANNELS 


The 80186 DMA controller provides two indepen- 
dent DMA channels. Data transfers can occur be- 
tween memory and I/O spaces (e.g., Memory to I/O) 


or within the same space (e.g., Memory to Memory: 


or I/O to I/O). Data can be transferred either in 
bytes (8 bits) or in words (16 bits) to or from even or 
odd addresses. Each DMA channel maintains both a 
20-bit source and destination pointer which can be 
optionally incremented or decremented after each 
data transfer (by one or two depending on byte or 
word transfers). Each data transfer consumes 2 bus 
cycles (a minimum of 8 clocks), one cycle to fetch 
data and the other to store data. This provides a 
maximum data transfer rate of 1.25 Mword/sec or 
2.5 MBytes/sec at 10 MHz. 


DEST. ADRS. POINTER CH. 1 
SRC. ADRS. POINTER CH. 1 
TRANSFER COUNTER CH. 0 


DEST. ADRS. POINTER CH. 0 
SRC. ADRS. POINTER CH. 0 


CHANNEL CONTROL WORD 1 
CHANNEL CONTROL WORD 0 


INTERNAL ADDRESS/DATA BUS 
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DMA Operation 


Each channel has six registers in the control block 
which define each channel’s specific operation. The 
control registers consist of a 20-bit Source pointer (2 
words), a 20-bit destination pointer (2 words), a 16- 
bit Transfer Counter, and a 16-bit Control Word. The 
format of the DMA Control Blocks is shown in Table 
13. The Transfer Count Register (TC) specifies the 
number of DMA transfers to be performed. Up to 
64K byte or word transfers can be performed with 
automatic termination. The Control Word defines the 
channel’s operation (see Figure 17). All registers 
may be modified or altered during any DMA activity. 
Any changes made to these registers will be reflect- 
ed immediately in DMA operation. 
Table 13. DMA Control Block Format 


Register Address 


Register Name 


Control Word 

Transfer Count 

Destination Pointer (upper 4 
bits) 

Destination Pointer 

Source Pointer (upper 4 bits) 

Source Pointer 


ADDER CONTROL 
LOGIC TIMER REQUEST 


20 BIT ADDER/SUBTRACTOR 
TRANSFER COUNTER CH. 1 : 


DRQ1 pee 


REQUEST 
SELECTION 
LOGIC 


DRQO pee 
= 


INTERRUPT 
REQUEST 
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Figure 16. DMA Unit Block Diagram 
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Figure 17. DMA Control Register 


DMA Channel Control Word Register 


Each DMA Channel Control Word determines the 
mode of operation for the particular 81086 DMA 
channel. This register specifies: 


e the mode of synchronization; 
e whether bytes or words will be transferred; 


e whether interrupts will be generated after the last 
transfer; 


e whether DMA activity will cease after a pro- 
grammed number of DMA cycles; 


e the relative priority of the DMA channel with re- 
spect to the other DMA channel; 


e whether the source pointer will be incremented, 
decremented, or maintained constant after each 
transfer; 


e whether the source pointer addresses memory or 
I/O space; 


e whether the destination pointer will be increment- 
ed, decremented, or maintained constant after 
each transfer; and 


e whether the destination pointer will address » 


memory or I/O space. 


The DMA channel control registers may be changed 
while the channel is operating. However, any chang- 
es made during operation will affect the current DMA 
transfer. ' 


DMA Control Word Bit Descriptions 


B/W: Byte/Word (0/1) Transfers. 
ST/STOP: Start/stop (1/0) Channel. 


CHG/NOCHG: Change/Do not change (1/0) 
ST/STOP bit. If this bit is set when 
writing to the control word, the 
ST/STOP bit will be programmed 
by the write to the control word. If 
this bit is cleared when writing the 
control word, the ST/STOP bit will 
not be altered. This bit is not 
stored; it will always be a O on 
read. 


Enable Interrupts to CPU on 
Transfer Count termination. 


INT: 


TC: If set, DMA will terminate when the 
contents of the Transfer Count regis- 
ter reach zero. The ST/STOP bit will 
also be reset at this point if TC is set. 
If this bit is cleared, the DMA unit will 
decrement the transfer count register 
for each DMA cycle, but the DMA 
transfer will not stop when the con- 
tents of the TC register reach. zero. 


00 No synchronization. 
NOTE: 


When unsynchronized transfers are 
specified, the TC bit will be ignored 
and the ST bit will be cleared upon 
the transfer count reaching zero, 
stopping the channel. 


01 Source synchronization. 
10 Destination synchronization. 
11 Unused. 


SOURCE:INC Increment source pointer by 1 or 2 
(depends on B/W) after each trans- 
fer. 


M/IO Source pointer is in M/IO space (1/0). 


DEC Decrement source pointer by 1 or 2 
(depends on B/W) after each trans- 
fer. 


SYN 


(2 bits) 


DEST: INC Increment destination pointer by 1 or 
2 (B/W) after each transfer. 

M/IO Destination pointer is in M/IO space 
(1/0). 

DEC Decrement destination pointer by 1 
or 2 (depending on B/W) after each 
transfer. 

P Channel priority—relative to other 
channel. 
0 low priority. 
1 high priority. 
Channels will alternate cycles if both 
set at same priority level. 
TDRQ 0: Disable DMA requests from 
timer 2. 
1: Enable DMA requests from 
timer 2. 
Bit 3 Bit 3 is not used. 


lf both INC and DEC are specified for the same 
pointer, the pointer will remain constant after each 
cycle. 
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DMA Destination and Source Pointer 
Registers 


Each DMA channel maintains a 20-bit source and a 
20-bit destination pointer. Each of these pointers 
takes up two full 16-bit registers in the peripheral 
control block. The lower four bits of the upper regis- 
ter contain the upper four bits of the 20-bit physical 
address (see Figure 18). These pointers may be indi- 
vidually incremented or decremented after each 
transfer. If word transfers are performed the pointer 
is incremented or decremented by two. Each pointer 
may point into either memory or I/O space. Since 
the DMA channels can perform transfers to or from 
odd addresses, there is no restriction on values for 
the pointer registers. Higher transfer rates can be 


obtained if all word transfers are performed to even . 


addresses, since this will allow data to be accessed 
in a single memory access. 


DMA Transfer Count Register 


Each DMA channel maintains a 16-bit transfer count 
register (TC). This register is decremented after ev- 
ery DMA cycle, regardless of the state of the TC bit 
in the DMA Control Register. If the TC bit in the DMA 
control word is set or if unsynchronized transfers are 
programmed, however, DMA activity will terminate 
when the transfer count register reaches zero. 


DMA Requests 


Data transfers may be either source or destination 
synchronized, that is either the source of the data or 


HIGHER 


LOWER 
REGISTER 
ADDRESS 


15 


XXX = DON’T CARE 


Figure 18. DMA Memory Pointer Register Format 


the destination of the data may request the data 
transfer. In addition, DMA transfers may be unsyn- 
chronized; that is, the transfer will take place contin- 
ually until the correct number of transfers has oc- 
curred. When source or unsynchronized transfers 
are performed, the DMA channel may begin another 
transfer immediately after the end of a previous 
DMA transfer. This allows a complete transfer to 


take place every 2 bus cycles or eight clock cycles 


(assuming no wait states). No prefetching occurs 
when source synchronized or unsynchronized trans- 
fers are performed, however. Data will not be 
fetched from the source address until the destina- 
tion device signals that it is ready to receive it. When 
destination synchronized transfers are requested, 
the DMA controller will relinquish control of the bus 
after every transfer. If no other bus activity is initiat- 
ed, another DMA cycle will begin after two processor 
clocks. This is done to allow the destination device 
time to remove its request if another transfer is not 
desired. Since the DMA controller will relinquish the 
bus, the CPU can initiate a bus cycle. As a result, a 
complete bus cycle will often be inserted between 
destination synchronized transfers. These lead to 
the maximum DMA transfer rates shown in Table 14. 


Table 14. Maximum DMA Transfer 
Rates @ 10 MHz 


Type of 
Synchronization 
Selected 


CPU Halted 


Unsynchronized 
Source Synch. 
Destination Synch. 


2.5MBytes/sec | 2.5MBytes/sec 
2.5MBytes/sec | 2.5MBytes/sec 
1.7MBytes/sec | 2.0MBytes/sec 


REGISTER XXX XXX XXX A19-A16 
ADDRESS 
0 
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DMA Acknowledge 


No explicit DMA acknowledge pulse is provided. 
Since both source and destination pointers . are 
maintained, a read from a requesting source, or-a 
write to a requesting destination, should be used as 
the DMA acknowledge signal. Since the chip-select 
lines can be programmed to be. active for a given 
block of memory or |/O space, and the DMA point- 
ers can be programmed to point to the same given 
block, a chip-select line could be used to indicate a 
DMA acknowledge. 


DMA Priority 


The DMA channels may be programmed such that 
one channel is always given priority over the other, 
or they may be programmed such as to alternate 
cycles when both have DMA requests pending. DMA 
cycles always have priority over internal CPU cycles 
except between locked memory accesses or word 
accesses to odd memory locations; however, an ex- 
ternal bus hold takes priority over an internal DMA 
cycle. Because an interrupt request cannot suspend 
a DMA operation and the CPU cannot access mem- 
ory during a DMA cycle, interrupt latency time will 
suffer during sequences of continuous DMA cycles. 
An NMI request, however, will cause all internal 
DMA activity to halt. This allows the CPU to quickly 
respond to the NMI request. 


DMA Programming 


DMA cycles will occur whenever the ST/STOP bit of 
the Control Register is set. If synchronized transfers 
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TIMER 0 


MAX COUNT VALUE 
A 

MAX COUNT VALUE 
B 


MODE/CONTROL 
WORD 


are programmed, a DRQ must also have been gen- 
erated. Therefore the source and destination trans- 
fer pointers, and the transfer count register (if used) 
must be programmed before this bit is set. 


Each DMA register may be modified while the chan- 
nel is operating. If the CHG/NOCHG bit is cleared 
when the control register is written, the ST/STOP bit 
of the control register will not be modified by the 
write. If multiple channel registers are modified, it is 
recommended that a LOCKED string transfer be 
used to prevent a DMA transfer from occurring be- 
tween updates to the channel registers. 


DMA Channels and Reset 


Upon RESET, the DMA channels will perform the 
following actions: 


e The Start/Stop bit for each channel will be reset 
to STOP. 


e Any transfer in progress is aborted. 


TIMERS 


The 80186 provides three internal 16-bit program- 
mable timers (see Figure 19). Two of these are high- 
ly flexible and are connected to four external pins (2 
per timer). They can be used to count external 
events, time external events, generate nonrepetitive 
waveforms, etc. The third timer is not connected to 
any external pins, and is useful for real-time coding 
and time delay applications. In addition, this third 
timer can be used as a prescaler to the other two, or 
as a DMA request source. | 


WORD 


TIMER 2 


MAX COUNT VALUE 


MODE/CONTROL 
WORD 


INTERNAL ADDRESS/DATA BUS 


ALL 16 BIT REGISTERS 


210451-10 


Figure 19. Timer Block Diagram 
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Timer Operation 


The timers are controlled by 11 16-bit registers in 
the internal peripheral control block. The configura- 
tion of these registers is shown in Table 15. The 
count register contains the current value of the tim- 
er. It can be read or written at any time independent 
of whether the timer is running or not. The value of 
this register will be incremented for each timer 
event. Each of the timers is equipped with a MAX 
COUNT register, which defines the maximum count 
the timer will reach. After reaching the MAX COUNT 
register value, the timer count value will reset to zero 
during that same clock, i.e., the maximum count val- 
ue is never stored in the count register itself. Timers 
0 and 1 are, in addition, equipped with a second 
MAX COUNT register, which enables the timers to 
alternate their count between two different MAX 
COUNT values programmed by the user. If a single 


MAX COUNT register is used, the timer output pin | 


will switch LOW for a single clock, 1 clock after the 
maximum count value has been reached. In the dual 
MAX COUNT register mode, the output pin will indi- 
cate which MAX COUNT register is currently in use, 
thus allowing nearly complete freedom in selecting 
waveform duty cycles. For the timers with two MAX 
COUNT registers, the RIU bit in the control register 
determines which is used for the comparison. 


Each timer gets serviced every fourth CPU-clock cy- 
cle, and thus can operate at speeds up to one-quar- 
ter the internal clock frequency (one-eighth the crys- 
tal rate). External clocking of the timers may be done 
at up to a rate of one-quarter of the internal CPU- 
clock rate (2 MHz for an 8 MHz CPU clock). Due to 
internal synchronization and pipelining of the timer 
circuitry, a timer output may take up to 6 clocks to 
respond to any individual clock or gate input. 


15 


Since the count registers and the maximum count 
registers are all 16 bits wide, 16 bits of resolution are 
provided. Any Read or Write access to the timers will 
add one wait state to the minimum four-clock bus 
cycle, however. This is needed to synchronize and 
coordinate the internal data flows between the inter- 
nal timers and the internal bus. 


The timers have several programmable options. 


e All three timers can be set to halt or continue on 
a terminal count. 


e Timers 0 and 1 can select between internal and 
external clocks, alternate between MAX COUNT 
registers and be set to retrigger on external 
events. 


e The timers may be programmed to cause an in- 
terrupt on terminal count. 


These options are selectable via the timer mode/ 
control word. 


Timer Mode/Control Register 


The mode/control register (see Figure 20) allows 
the user to program the specific mode of operation 
or check the current programmed status for any of 
the three integrated timers. 

Table 15. Timer Control Block Format 


Register Name Register Offset 


Mode/Control Word} 56H 5EH 66H 
Max Count B 54H - | 5CH | not present 
Max Count A 52H 5AH 62H 


Count Register 50H 58H 60H 


14 13 12 11 5 4 3 2 1 0 
PEN INA J UINT | RIO | MO RTE J Pp Sexr | ALT 1 CONT | 


Figure 20. Timer Mode/Control Register 
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ALT: 


The ALT bit determines which of two MAX COUNT 
registers is used for count comparison. If ALT = 0, 
register A for that timer is always used, while if ALT 
= 1, the comparison will alternate between register 
A and register B when each maximum. count is 
reached. This alternation allows the user to change 
one MAX COUNT register while the other is being 
used, and thus provides a method of generating 
non-repetitive waveforms. Square waves and pulse 
outputs of any duty cycle are a subset of available 
signals obtained by not changing the final count reg- 
isters. The ALT bit also determines the function of 
the timer output pin. If ALT is zero, the output pin will 
go LOW for one clock, the clock after the maximum 
count is reached. If ALT is one, the output pin will 
reflect the current MAX COUNT register being used 
(0/1 for B/A). 


CONT: 


Setting the CONT bit causes the associated timer to 
run continuously, while resetting it causes the timer 
to halt upon maximum count. If COUNT = 0 and 
ALT = 1, the timer will count to the MAX COUNT 
register A value, reset, count to the register B value, 
reset, and halt. 


EXT: 


The external bit selects between internal and exter- 
nal clocking for the timer. The external signal may 
be asynchronous with respect to the 80186 clock. 
If this bit is set, the timer will count LOW-to-HIGH 
transitions on the input pin. If cleared, it will count an 
internal clock while using the input pin for control. In 
this mode, the function of the external pin is defined 
by the RTG bit. The maximum input to output tran- 
sition latency time may be as much as 6 clocks. 
However, clock inputs may be pipelined as closely 
together as every 4 clocks without losing clock puls- 
es. 


P: 


The prescaler bit is ignored unless internal clocking 
has been selected (EXT = 0). If the P bit is a zero, 
the timer will count at one-fourth the internal CPU 
clock rate. If the P bit is a one, the output of timer 2 
will be used as a clock for the timer. Note that the 
user must initialize and start timer 2 to obtain the 
prescaled clock. 


RTG: 
Retrigger bit is only active for internal clocking (EXT 


= 0). In this case it determines the control function 
provided by the input pin. 


lf RTG = 0, the input level gates the internal clock 
on and off. If the input pin is HIGH, the timer will 
count; if the input pin is LOW, the timer will hold its 
value. As indicated previously, the input signal may 
be asynchronous with respect to the 80186 clock. 


When RTG = 1, the input pin detects LOW-to-HIGH 
transitions. The first such transition starts the timer 
running, clearing the timer value to zero on the first 
clock, and then incrementing thereafter. Further 
transitions on the input pin will again reset the timer 
to zero, from which it will start counting up again. If 
CONT = 0, when the timer has reached maximum 
count, the EN bit will be cleared, inhibiting further 
timer activity. 


EN: 


The enable bit provides programmer control over 
the timer’s RUN/HALT status. When set, the timer is 
enabled to increment subject to the input pin con- 
straints in the internal clock mode (discussed previ- 
ously). When cleared, the timer will be inhibited from 
counting. All input pin transistions during the time EN 
is zero will be ignored. If CONT is zero, the EN bit is 
automatically cleared upon maximum count. 


INH: 


The inhibit bit, allows for selective updating of the 
enable (EN) bit. If INH is a one during the write to the 
mode/control word, then the state of the EN bit will 
be modified by the write. If INH is a zero during the 
write, the EN bit will be unaffected by the 
operation. This bit is not stored; it will always be a 0 
on a read. 


INT: , 


When set, the INT bit enables interrupts from the 
timer, which will be generated on every terminal 
count. If the timer is configured in dual MAX COUNT 
register mode, an interrupt will be generated each 
time the value in MAX COUNT register A is reached, 
and each time the value in MAX COUNT register B is 
reached. If this enable bit is cleared after the inter- 
rupt request has been generated, but before a pend- 
ing interrupt is serviced, the interrupt request will still 


be in force. (The request is latched in the Interrupt 


Controller). 


MC: 


The Maximum Count bit is set whenever the timer 
reaches its final maximum count value. If the timer is 
configured in dual MAX COUNT register mode, this 
bit will be set each time the value in MAX COUNT 
register A is reached, and each time the value in 
MAX COUNT register B is reached. This bit is set 
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regardiess of the timer’s interrupt-enable bit. The 
MC bit gives the user the ability to monitor timer 
status through software instead of through inter- 
rupts. 


Programmer intervention is required to clear this bit. 


RIU: 


The Register In Use bit indicates which MAX 
COUNT register is currently being used for compari- 
son to the timer count value. A zero value indicates 
register A. The RIU bit cannot be written, i.e., its 
value is not affected when the control register is writ- 
ten. It is always cleared when the ALT bit is zero. 


‘Not all mode bits are provided for timer 2. Certain 
bits are hardwired as indicated below: 


ALT = 0, EXT = 0, P = 0, RTG = 0, RIU = 0 


Count Registers 


Each of the three timers has a 16-bit count register. 
The current contents of this register may be read or 
written by the processor at any time. If the register is 
written into while the timer is counting,the new value 
will take effect in the current count cycle. 


Max Count Registers 


Timers 0 and 1 have two MAX COUNT registers, 
while timer 2 has a single MAX COUNT register. 
These contain the number of events the timer will 
count. In timers 0 and 1, the MAX COUNT register 
used can alternate between the two max count val- 
ues whenever the current maximum count is 
reached. The condition which causes a timer to re- 
set is equivalent between the current count value 
and the max count being used. This means that if 
the count is changed to be above the max count 
value, or if the max count value is changed to be 
below the current value, the timer will not reset to 
zero, but rather will count to its maximum value, 
“wrap around” to zero, then count until the max 
count is reached. 


Timers and Reset 


Upon RESET, the Timers will perform the following 
actions: 


e All EN (Enable) bits are reset preventing timer 
counting. 


{ ¢ 


e All SEL (Select) bits are reset to zero. This se- 
lects MAX COUNT register A, resulting in the 
Timer Out pins going HIGH upon RESET. 


INTERRUPT CONTROLLER 


The 80186 can receive interrupts from a number of 
sources, both internal and external. The internal in- 
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 


Internal interrupt sources (Timers and DMA chan- 
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 
80186 interrupt controller has its own control regis- 
ter that set the mode of operation for the controller. 


The interrupt controller will resolve priority among 
requests that are pending simultaneously. Nesting is 
provided so interrupt service rountines for lower pri- 
ority interrupts may themselves be interrupted by 
higher priority interrupts. A block diagram of the in- 
terrupt controller is shown in Figure 21. 


The 80186 has a special slave mode in which the 
internal interrupt controller acts as a slave to an ex- 
ternal master. The controller is programmed into this 
mode by setting bit 14 in the peripheral control block 
relocation register. (See Slave Mode section.) 


MASTER MODE OPERATION 


interrupt Controller External Interface 


For external interrupt sources, five dedicated pins 
are provided. One of these pins is dedicated to NMI, 
non-maskable interrupt. This is typically used for 
power-fail interrupts, etc. The other four pins may 
function either as four interrupt input lines with inter- 
nally generated interrupt vectors, as an interrupt line 
and an interrupt acknowledge line (called the ‘‘cas- 
cade mode’) along with two other input lines with 
internally generated interrupt vectors, or as two in- 
terrupt input lines and two dedicated interrupt ac- 
knowledge output lines. When the interrupt lines are 
configured in cascade mode, the 80186 interrupt 
controller will not generate internal interrupt vectors. 


External sources in the cascade mode use external- 
ly generated interrupt vectors. When an interrupt is 
acknowledged, two INTA cycles are initiated and the 
vector is read into the 80186 on the second cycle. 
The capability to interface to external 8259A pro- 
grammable interrupt controllers is thus provided 
when the inputs are configured in cascade mode. 
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Interrupt Controller Modes of 
Operation 


The basic modes of operation of the interrupt con- 
troller in master mode are similar to the 8259A. The 
interrupt controller responds indentically to internal 
interrupts in all three modes: the difference is only in 
the interpretation of function of the four external in- 
terrupt pins. The interrupt controller is set into one of 
these three modes by programming the correct bits 
in the INTO and INT1 control registers. The modes of 
interrupt controller operation are as follows: 


Fully Nested Mode 


When in the fully nested mode four pins are used as 
direct interrupt requests as in Figure 22. The vectors 
for these four inputs are generated internally. An in- 
service bit is provided for every interrupt source. If a 
lower-priority device requests an interrupt while the 
in service bit (IS) is set, no interrupt will be generat- 
ed by the interrupt controller. In addition, if another 
interrupt request occurs from the same _ interrupt 
source while the in-service bit is set, no interrupt will 
be generated by the interrupt controller. This allows 
interrupt service routines to operate with interrupts 
enabled without being themselves interrupted by 
lower-priority interrupts. Since interrupts are en- 
abled, higher-priority interrupts will be serviced. 


When a. service routine. is completed, the proper IS 
bit must be reset by writing the proper pattern to the 
EOI register. This is required to allow subsequent 
interrupts from this interrupt source and to allow 
servicing of lower-priority interrupts. An EOI com- 
mand is issued at the end of the service routine just 
before the issuance of the return from interrupt in- 


TIMER TIMER TIMER DMA DMA 
0 | 2 0 1 INTO INT1 INT2 INT3 NMI 
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TIMER 
CONTROL REG. 


DMA 0 
CONTROL REG. 
DMA 1 
CONTROL REG. 


EXT. INPUT 0 
CONTROL REG. 


EXT. INPUT 2 
CONTROL REG. 


CONTROL REG. 


INTERRUPT 
REQUEST TO 


struction. If the fully nested structure has been up- 
held, the next highest-priority source with its IS bit 
set is then serviced. 


Cascade Mode 


The 80186 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the 
four pins are used as direct interrupt inputs and the 
corresponding vectors are generated internally. In 
the cascade mode, the four pins are configured into 
interrupt input-dedicated acknowledge signal pairs. 
The interconnection is shown in Figure 23. INTO is 
an interrupt input interfaced to an 8259A, while 
INT2/INTAO serves as the dedicated interrupt ac- 
knowledge signal to that peripheral. The same is 
true for INT1 and INT3/INTA1. Each pair can selec- 
tively be placed in the cascade or non-cascade 
mode by programming the proper value into INTO 
and INT1 control registers. The use of the dedicated 
acknowledge signals eliminates the need for the use 
of external logic to generate INTA and device select 
signals. 


The primary cascade mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 8259As. Three 
levels of priority are created, requiring priority resolu- 
tion in the 80186 interrupt controller, the master 
8259As, and the slave 8259As. If an external inter- 
rupt is serviced, one IS bit is set at each of these 
levels. When the interrupt service routine is complet- 
ed, up to three end-of-interrupt commands must be 
issued by the programmer. 


INTERRUPT 
REQUEST REG. | . 
INTERRUPT 
MASK REG. 
IN-SERVICE 
REG. 

: PRIOR. LEV. 
MASK REG. 
INTERRUPT 

STATUS REG. 


PROCESSOR 
INTERNAL ADDRESS/DATA BUS 
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Figure 21. Interrupt Controller Block Diagram 
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INTERRUPT SOURCE 


INTERRUPT SOURCE 


INTERRUPT SOURCE 


INTERRUPT SOURCE 
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Figure 22. Fully Nested (Direct) Mode Interrupt 
Controller Connections 


Special Fully Nested Mode 


This mode is entered by setting the SFNM bit in 
INTO or INT1 control register. It enables complete 
nestability with external 8259A masters. Normally, 
an interrupt request from an interrupt source will not 
be recognized unless the in-service bit for that 
source is reset. If more than one interrupt source is 
connected to an external interrupt controller, all of 
the interrupts will be funneled through the same 
80186 interrupt request pin. As a result, if the exter- 
nal interrupt controller receives a higher-priority in- 
terrupt, its interrupt will not be recognized by the 
80186 controller until the 80186 in-service bit is re- 
set. In special fully nested mode, the 80186 interrupt 


controller will allow interrupts from an external pin . 


regardless of the state of the in-service bit for an 
interrupt source in order to allow multiple interrupts 
from a single pin. An in-service bit will continue to be 
set, however, to inhibit interrupts from other lower- 
priority 80186 interrupt sources. 


Special procedures should be followed when reset- 
ting IS bits at the end of interrupt service routines. 
Software polling of the external master’s IS register 
is required to determine if there is more than one bit 
set. If so, the IS bit in the 80186 remains active and 
the next interrupt service routine is entered. . 


Operation in a Polled Environment 


The controller may be used in a polled mode if inter- 
rupts are undesirable. When polling, the processor 
disables interrupts and then polls the interrupt con- 
troller whenever it is convenient. Polling the interrupt 
controller is accomplished by reading the Poll Word 
(Figure 32). Bit 15 in the poll word indicates to the 
processor that an interrupt of high enough priority is 
requesting service. Bits 0-4 indicate to the proces- 
sor the type vector of the highest-priority source re- 
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questing service. Reading the Poll Word causes the 
In-Service bit of the highest priority source to be set. 


It is desirable to be able to read the Poll Word infor- 
mation without guaranteeing service of any pending 
interrupt, i.e., not set the indicated in-service bit. The 
80186 provides a Poll Status Word in addition to the 
conventional Poll: Word to allow this to be done. Poll 
Word information is duplicated in the Poll Status 
Word, but reading the Poll Status Word does not set 
the associated in-service bit. These words are locat- 
ed in two adjacent memory locations in the register 
file. 


Master Mode Features 


Programmable Priority 


The user can program the interrupt sources into any 
of eight different priority levels. The programming is 
done by placing a 3-bit priority level (O—7) in the con- 
trol register of each interrupt source. (A source with 
a priority level of 4 has higher priority over all priority 
levels from 5 to 7. Priority registers containing values 
lower than 4 have greater priority). All interrupt 
sources have preprogrammed default priority levels 
(see Table 4). 


lf two requests with the same programmed priority 
level are pending at once, the priority ordering 
scheme shown in Table 4 is used. If the serviced 
interrupt routine reenables interrupts, it allows other 
requests to be serviced. 


End-of-interrupt Command 


The end-of-interrupt (EOI) command is used by the 
programmer to reset the In-Service (IS) bit when an 
interrupt service routine is completed. The EOI com- 
mand is issued by writing the proper pattern to the 
EOI register. There are two types of EOI commands, 
specific and nonspecific. The nonspecific command 
does not specify which IS bit is reset. When issued, 
the interrupt controller automatically resets the IS bit 
of the highest priority source with an active service 
routine. A specific EO] command requires that the 
programmer send the interrupt vector type to the in- 
terrupt controller indicating which source’s IS bit is 
to be reset. This command is used when the fully 
nested structure has been disturbed or the highest 
priority IS bit that was set does not belong to the 

service routine in progress. bi 


Trigger Mode 


The four external interrupt pins can be programmed 
in either edge- or level-trigger mode. The control 
register for each external source has a level-trigger 


22-29 


iy ge he ee? 
i Dee ERS 


LH 


” ‘ ‘ = gh diges ov — . t “ 
a t . — watt ~ Teas: as fe = i . ' 
aan cit ot aat eet “ahs Soot oo ee a <<" es as a 
Ss ET he: oe ~' tik “ Pe ) Lie 
to : - r ‘ 
: “ 


80186 


mode (LTM) bit. All interrupt inputs are active HIGH. 
In the edge sense mode or the level-trigger mode, 
the interrupt request must remain active (HIGH) until 
the interrupt request is acknowledged by the 80186 
CPU. In the edge-sense mode, if the level remains 
high after the interrupt is acknowledged, the input is 
disabled and no further requests will be generated. 
The input level must go LOW for at least one clock 
cycle to reenable the input. In the level-trigger mode, 
no such provision is made: holding the interrupt input 
HIGH will cause continuous interrupt requests. 


Interrupt Vectoring 


The 80186 Interrupt Controller will generate interrupt 
vectors for the integrated DMA channels and the in- 
tegrated Timers. In addition, the Interrupt Controller 
will generate interrupt vectors for the external inter- 
rupt lines if they are not configured in Cascade or 
Special Fully Nested Mode. The interrupt vectors 
generated are fixed and cannot be changed (see Ta- 
ble 4). : 


interrupt Controller Registers 


The Interrupt Controller register model is shown in 
Figure 24. It contains 15 registers. All registers can 
both be read or written unless specified otherwise. 


In-Service Register 


This register can be read from or written into. The 
format is shown in Figure 25. It contains the In-Serv- 
ice bit for each of the interrupt sources. The In-Serv- 
ice bit is set to indicate that a source’s service rou- 
tine is in progress. When an In-Service bit is set, the 
interrupt controller will not generate interrupts to the 


CPU when it receives interrupt requests from devic- 
es with a lower programmed priority level. The TMR 
bit is the In-Service bit for all three timers; the DO 
and D1 bits are the In-Service bits for the two DMA 
channels; the 10-13 are the In-Service bits for the 
external interrupt pins. The IS bit is set when the 
processor acknowledges an interrupt request either 
by an interrupt acknowledge or by reading the poll 
register. The IS bit is reset at the end of the interrupt 
service routine by an end-of-interrupt command is- 
sued by the CPU. 


Interrupt Request Register 


The internal interrupt sources have interrupt request 
bits inside the interrupt controller. The format of this 
register is shown in Figure 25. A read from this regis- 
ter yields the status of these bits. The TMR bit is the 
logical OR of all timer interrupt requests. DO and D1 
are the interrupt request bits for the DMA channels. 


The state of the external interrupt input pins is also 
indicated. The state of the external interrupt pins is 
not a stored condition inside the interrupt controller, 
therefore the external interrupt bits cannot be writ- 
ten. The external interrupt request bits show exactly 
when an interrupt request is given to the interrupt 
controller, so if edge-triggered mode is selected, the 
bit in the register will be HIGH only after an inactive- 
to-active transition. For internal interrupt sources, 
the register bits are set when a request arrives and 
are reset when the processor acknowledges the re- 
quests. : 


Writes to the interrupt request register will affect the 
DO and D1 interrupt request bits. Setting either bit 
will cause the corresponding interrupt request while 
Clearing either bit will remove the corresponding in- 
terrupt request. All other bits in the register are read- 
only. 


+——— _ INTERRUPT SOURCES 
p ae 


oe 
+—————_ INTERRUPT SOURCES 
210451-12 


Figure 23. Cascade and Special Fully Nested Mode Interrupt Controller Connections 
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Mask Register 


This is a 16-bit register that contains a mask bit for 
each interrupt source. The format for this register is 
shown in Figure 25. A one in a bit position corre- 
sponding to a particular source serves to mask the 
source from generating interrupts. These mask bits 
are the exact same bits which are used in the indi- 
vidual control registers; programming a mask bit us- 
ing the mask register will also change this bit in the 
individual control registers, and vice versa. 


OFFSET 
INT3 CONTROL REGISTER SEH 


3CH 


3AH 


Figure 24. Interrupt Controller Registers 
(Master Mode) 


Priority Mask Register — 


This register is used to mask all interrupts below par- 
ticular interrupt priority levels. The format of this reg- 
ister is shown in Figure 26. The code in the lower 
three bits of this register inhibits interrupts of priority 
lower (a higher priority number) than the code speci- 
fied. For example, 100 written into this register 
masks interrupts of level five (101), six (110), and. 
seven (111). The register is reset to seven (111) 
upon RESET so no interrupts are masked due to 
priority number. 


Interrupt Status Register 


This register contains general interrupt controller 
status information. The format of this register is 
shown in Figure 27. The bits in the status register 
have the following functions: 


DHLT: DMA Halt Transfer; setting this bit halts all 
DMA transfers. It is automatically set when- 
ever a non-maskable interrupt occurs, and it 
is reset when an |RET instruction is execut- 
ed. The purpose of this bit is to allow prompt 
service of all non-maskable interrupts. This 
bit may also be set by the programmer. 


These three bits represent the individual tim- 
er interrupt request bits. These bits are used 
to differentiate the timer interrupts, since the 
timer IR bit in the interrupt request register is 
the “OR” function of all timer interrupt re- 
quest. Note that setting any one of these 
three bits initiates an interrupt request to the 
interrupt controller. 


IRTx: 


Figure 26. Priority Mask Register Format 


15 14 


7 


6 5 4 3 2 1 0 
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Figure 27. Interrupt Status Register Format (Master Mode) 
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Timer, DMA 0, 1; Control Register 


_ These registers are the control words for all the in- 
ternal interrupt sources. The format for these regis- 
ters is shown in Figure 28. The three bit positions 
PRO, PR1, and PR2 represent the programmable pri- 
ority level of the interrupt source. The MSK bit inhib- 
its interrupt requests from the interrupt source. The 
MSK bits in the individual control registers are the 
exact same bits as are in the Mask Register; modify- 
ing them in the individual control registers will also 
modify them in the Mask Register, and vice versa. 


INTO-INT3 Control Registers 


These registers are the control words for the four 
external input pins. Figure 29 shows the format of 
the INTO and INT1 Control registers; Figure 30 
shows the format of the INT2.and INT3 Control reg- 
isters. In cascade mode or special fully nested 
mode, the control words for INT2 and INT3 are not 
used. 


The bits in the various control registers are encoded 
as follows: 


PRO-2: Priority programming information. Highest 
Priority = 000, Lowest Priority = 111 


Level-trigger mode bit. 1 = level-triggered; 
0 = edge-triggered. Interrupt Input levels 
are active high. In level-triggered mode, an 
interrupt is generated whenever the exter- 
nal line is high. In edge-triggered mode, an 
interrupt will:‘be generated only when this 


LTM: 


80186 


level is proceded by an inactive-to-active 
transition on the line. In both cases, the 
level must remain active until the interrupt 
is acknowledged. 


Mask bit, 1 = mask; 0 = non-mask. 


MSK: 


C: Cascade mode bit, 1 = cascade; 0 = di- 
rect 


SFNM: Special fully nested mode bit, 1 = SFNM 


EOI Register 


The end of the interrupt register is a command regis- 
ter which can only be written into. The format of this 
register is shown in Figure 31. It initiates an EOI 
command when written to by the 80186 CPU. 


The bits in the EOI register are encoded as follows: 


Sx: Encoded information that specifies an in- 
terrupt source vector type as shown in Ta- 
ble 4. For example, to reset the In-Service 
bit for DMA channel 0, these bits should be 
set to 01010, since the vector type for DMA 
channel 0 is 10. 


NOTE: 


To reset the single In-Service bit for any of 
the three timers, the vector type for timer 0 
(8) should be written in this register. 


Figure 28. Timer/DMA Control Registers Formats 


15 14 


7 


6 5 4 3 2 1 0 
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Figure 29. INTO/INT1 Control Register Formats 


15 14 


5 


4 3 2 1 0 
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_ Figure 30. INT2/INT3 Control Register Formats 
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NSPEC/: A bit that determines the type of EOI com- 
SPEC mand. Nonspecific = 1, Specific = 0. 


Poll and Poll Status Registers 


These registers contain polling information. The for- 
mat of these registers is shown in Figure 32. They 
can only be read. Reading the Poll register consti- 
tutes a software poll. This will set the IS bit of the 
highest priority pending interrupt. Reading the poll 
status register will not set the IS bit of the highest 
priority pending interrupt; only the status of pending 
interrupts will be provided. 


Encoding of the Poll and Poll Status register bits are 
as follows: 


S,: Encoded information that indicates the 
vector type of the highest priority inter- 
rupting source. Valid only when INTREQ 

INTREQ: This bit determines if an interrupt request 


is present. Interrupt Request = 1; no In- 


terrupt Request = 0. 


SLAVE MODE OPERATION 


When slave mode is used, the internal 80186 inter- 
rupt controller will be used as a slave controller to an 
external master interrupt controller. The internal 
80186 resources will be monitored by the internal 
interrupt controller, while the external controller 


functions as the system master interrupt controller. 
Upon reset, the 80186 will be in master mode. To 
provide for slave mode operation bit 14 of the relo- 
cation register should be set. 


Because of pin limitations caused by the need to 
interface to an external 8259A master, the internal 
interrupt controller will no longer accept external in- 


- puts. There are however, enough 80186 interrupt 


controller inputs (internally) to dedicate one to each 
timer. In this mode, each timer interrupt source has 
its own mask bit, IS bit, and control word. 


In slave mode each peripheral must be assigned a 


unique priority to ensure proper interrupt controller 
operation. Therefore, it is the programmer’s respon- 
sibility to assign correct priorities and initialize inter- 
rupt control registers before enabling interrupts. 


These level assignments must remain fixed in the 
iRMX 86 mode of operation. 


Slave Mode External Interface 


The configuration of the 80186 with respect to an 
external 8259A master is shown in Figure 33. The 
INTO (pin 45) input is used as the 80186 CPU inter- 
rupt input. INT3 (pin 41) functions as an output to 
send the 80186 slave-interrupt-request to one of the 
8 master-PIC-inputs. 


14 5 4 3 2 ey 0 
saat 
eeo[e]) - + - -[e]#[s[e[a[@ 


Figure 31. EOI Register Format 


Figure 32. Poll and Poll Status Register Formats 
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Figure 33. Slave Mode Interrupt Controller Connections 


Correct master-slave interface requires decoding of 
the slave addresses (CASO-2). Slave 8259As do this 
internally. Because of pin limitations, the 80186 
slave address will have to be decoded externally. 
INT1 (pin 44) is used as a slave-select input. Note 
that the slave vector address is transferred internal- 
ly, but the READY input must be supplied externally. 


INT2 (pin 42) is used as an acknowledge output, 
suitable to drive the INTA input of an 8259A. 


interrupt Nesting 


Slave mode operation allows nesting of interrupt re- 
quests. When an interrupt is acknowledged, the pri- 
ority logic masks off all priority levels except those 
with equal or higher priority. 


Vector Generation in the Slave Mode | 


Vector generation in slave mode is exactly like that 
of an 8259A slave. The interrupt controller gener- 
ates an 8-bit vector which the CPU multiplies by four 
and uses as an address into a vector table. The sig- 
nificant five bits of the vector are user-programma- 
ble while the lower three bits are generated by the 
priority logic. These bits represent the encoding of 
the priority level requesting service. The significant 
five bits of the vector are programmed by writing to 
the Interrupt Vector register at offset 20H. 


Specific End-of-interrupt 


In slave mode the specific EO] command operates 
to reset an in-service bit of a specific priority. The 
user supplies a 3-bit priority-level value that points to 
an in-service bit to be reset. The command is exe- 
cuted by writing the correct value in the Specific EOI 
register at offset 22H. 


interrupt Controller Registers 
in the Slave Mode 


All control and command registers are located inside 
the internal peripheral control block. Figure 34 
shows the offsets of these registers. 


End-of-interrupt Register 


The end-of-interrupt register is a command register 
which can only be written. The format of this register 
is shown in Figure 35. It initiates an EOI command 
when written by the 80186 CPU. 


The bits in the EO! register are encoded as follows: 


Ly: Encoded value indicating the priority of the IS 
bit to be reset. | 
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In-Service Register 


This register can be read from or written into. It con- 
tains the in-service bit for each of the internal inter- 
rupt sources. The format for this register is shown in 
Figure 36. Bit positions 2 and 3 correspond to the 
DMA channels; positions 0, 4, and 5 correspond to 
the integral timers. The source’s IS bit is set when 
the processor acknowledges its interrupt request. 


Interrupt Request Register 


This register indicates which internal peripherals 
have interrupt requests pending. The format of this 
register is shown in Figure 36. The interrupt request 
bits are set when a request arrives from an internal 
source, and are reset when the processor acknowl- 
edges the request. As in master mode, DO and D1 
are read/write; all other bits are read only. 


Mask Register 


The register contains a mask bit for each interrupt 
source. The format for this register is shown in Fig- 
ure 36. If the bit in this register corresponding to a 
particular interrupt source is set, any interrupts from 
that source will be masked. These mask bits are ex- 
actly the same bits which are used in the individual 
control registers, i.e., changing the state of a mask 
bit in this register will also change the state of the 
mask bit in the individual interrupt control register 
corresponding to the bit. 


Control Registers 


These registers are the control words for all the in- 
ternal interrupt sources. The format of these regis- 
ters is shown in Figure 37. Each of the timers and 
both of the DMA channels have their own Control 
Register. 


15 14 13 8 


The bits of the Control Registers are encoded as 
follows: 


pry: 93-bit encoded field indicating a priority level 
for the source; note that each source must be 
programmed at specified levels. 


msk: 


mask bit for the priority level indicated by pr, 
bits. 


OFFSET 
3AH 


LEVEL 5 CONTROL REGISTER 
(TIMER 2) 
LEVEL 4 CONTROL REGISTER 
(TIMER 1) 
LEVEL 3 CONTROL REGISTER 
(DMA 1) 
LEVEL 2 CONTROL REGISTER 
(DMA0)  - 
LEVEL 0 CONTROL REGISTER 
(TIMER 0) 
INTERRUPT STATUS REGISTER 
INTERRUPT-REQUEST REGISTER 
IN-SERVICE REGISTER 
PRIORITY-LEVEL MASK REGISTER 
MASK REGISTER ; 
SPECIFIC EOI REGISTER 
_ INTERRUPT VECTOR REGISTER 


Figure 34. Interrupt Controller Registers 
(Slave Mode) 


38H 


36H 


34H 


32H 


30H 


2EH 


2CH 


2AH 


28H 


22H 


20H 


7 6 5 4 3 eS 0 
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Figure 35. Specific EOI Register Format 
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Figure 36. In-Service, Interrupt Request, and Mask Register Format 
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interrupt Vector Register . 


This register provides the upper five bits of the inter- 
rupt vector address. The format of. this register is 
shown in Figure 38. The interrupt controller itself 
provides the lower three bits of the interrupt vector 
as determined by the priority level of the interrupt 
request. 


The format of the bits in this register is: 
t,:  5-bit field indicating the upper five bits of the 


vector address. 
Priority-Level Mask Register 


This register indicates the lowest priority-level inter- 
rupt which will be serviced. 


The encoding of the bits in this register is: _ 


my: 3-bit encoded field indication priority-level val- 
ue. All levels of lower priority will be masked. 


Interrupt Status Register 


This register is defined as in master mode except 
that DHLT is not implemented. (See Figure 27). 


7 6 5 4 3 2 1 0 
| o | o | o | o | Msk| PR2 | PRi | PRO 


Interrupt Controller and Reset 


Upon RESET, the interrupt controller will perform 
the following actions: | 


e All SENM bits reset to 0, implying Fully Nested 
Mode. Fi | 


e All PR bits in the various control registers set to 1. 
This places all sources at lowest priority (level 
111). 


¢ All LTM bits reset to 0, resulting in edge-sense 
mode. 


e All Interrupt Service bits reset to 0. 
All Interrupt Request bits reset to 0. 
e All MSK (Interrupt Mask) bits set to 1 (mask). 
All C (Cascade) bits reset to 0 (non-cascade). 


All PRM (Priority Mask) bits set to 1, implying no 
levels masked. 


e |nitialized to master mode. 


Figure 37. Control Word Format 


7 6 5 4 3 2 1 0 
PMs k= aa ie Cs 


Figure 38. Interrupt Vector Register Format 


7 6 5 4 3 2 1 0 
Me O26 OO) fea) vg Le 


Figure 39. Priority Level Mask Register 
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Figure 40. Typical 80186 Computer 
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Figure 41. Typical 80186 Multi-Master Bus Interface 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature under Bias ...... 0°C to 70°C 
Storage Temperature .......... —65°C to + 150°C © 
Voltage on any Pin with 

Respect to Ground.............. —1.0V to +7V 
POWGrReRUON 4 oF on atin cach kava axen's 3W 


*Notice: Stresses above those listed under “‘Abso- 
lute Maximum Ratings” may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


D.C. CHARACTERISTICS (Ta = 0°C to + 70°C, Voc = 5V + 10%) 


Applicable to 80186 (8 MHz), 80186-10 (10 MHz). 


ViL Input Low Voltage 


VIH Input High Voltage 


(All except X1 and (RES) 


Input High Voltage (RES) 


Output Low Voltage 


VOL 
VOH Output High Voltage 2.4 


loc Power Supply Current 


ViH4 


Input Leakage Current 


Output Leakage Current 


*For extended temperature parts only. 


VcLo 
VCHO 
Vou 


Iu 

ILo 
VCHI 
CIN 
Cio 


la = 2.5 mA for SO-S2 
la = 2.0 mA for all other Outputs 


aA 


pF 
p 
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PIN TIMINGS 


A.C. CHARACTERISTICS (Ta = 0°C to + 70°C, Voc = 5V + 10%) 
80186 Timing Requirements All Timings Measured At 1.5V Unless Otherwise Noted. 


| .  80186-10 
Parameter Pie | (10 MHz) 


Data in Setup (A/D) 
Data in Hold (A/D) 


Asynchronous Ready 
(ARDY) Active Setup 
Time* 


Conditions 


Asynchronous Ready 
Inactive Hold Time 


Synchronous Ready 


(SRDY) Transition 
Setup Time 


80186 Master Interface Timing Responses 


| Toay | AddressValidDetay | 5 | 55 | 5 a 
| Tex | Addesetiold <i | to) |] ap eo rong 
| Touaz | AddressFloatDelay | Toax | 35 | Toax | 30 | ns __ 


Facade >see Se 
Float Delay 
oe ee ee eS 
Delay (after Float) 
Time | ALE Width | Toe 35 | | Toarar-30 | |_| 
Ton | AlEActweDely | Ts | 
| Tow. - | Ale inactveDelay | ss || 95 | | so |e 
Bisel ~~~ iae cet MORE Ricotta: RSE Pout 
ALE Inactive 
| Tcuny _| DataValidDelay | 10, || 44 | 10S | 4 | ons 
| Tepox | DataHoidTime [to |] | ti 
| Twuox | DataHoldafterwR | To-40 | | To-34 | i ||ins__ 
| Tcverv | ControlActiveDelayi | 5 || 60 | 5 | 40 | 
| Tcxotv | Control\ActiveDelay2 | 10 || 85 | ~—t0Ss | 44 | ons 
| Toverx | ControlinactiveDelay | 5 Ss || 85 | 5 | 44 | ns __ 
DEN Inactive Delay Ernie Bs 10 pais Ghee 
(Non-Write Cycle) 


*To guarantee recognition at next clock. 


C,. = 20-200 pF 
all Outputs 


(Except Tco_tmv) 
@8&10 MHz 
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PIN TIMINGS (Continued) 


A.C. CHARACTERISTICS (Ta, = 0°C to + 70°C, Voc = 5V +10%) (Continued) 
80186 Master Interface Timing Responses (Continued) 


80186-10 
(10 MHz) — Test 


10 
2TcicL—50 2TcoicL—46 
2TcicL—40 2TcicL.—34 

0 


48 100 pF max 
@ 8 & 10 MHz 
cen eo ees Ba 
ee aes Me 
LOCK Valid/Invalid 
Delay 


TcLcsv Chip-Select 
Active Delay . 
Toxcsx Chip-Select Hold from 
Command Inactive 
TCHCSX Chip-Select 
Inactive Delay 
80186 CLKIN Requirements 


CLKIN Period 
CLKIN Fall Time 


CLKIN Rise Time preees nenttan se, wt 
CLKIN Low Time 
CLKIN High Time 


80186 CLKOUT Timing (200 pF load) 


To | Siecutsm | 
CLKOUT Skew 

[To | CLKOUTPeriod | 125 
CLKOUTRiseTime | 
| Torzcis | CLKOUTFallTime | 


‘ 


Ye TcitcL—§.0 


Ye TcLtcL—§.0 
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1.0 to 3.5V 


3.5 to 4.0V 


WAVEFORMS 
MAJOR CYCLE TIMING 


T; Tz T3 Tw T, 
> TCL2CL1 y 


===! Bp 
(en 2 peed 


ae 


BHE/S,, 
A; 9/S—-Ai6/S, 


eee) ces BAIAR coped (NOTE 1) 


Sgt . 


POINTER 


|e 


SOFTWARE HALT—OT/A =Vo,, 
RD, WR, INTA, DEN = Vo, 


210451-23 


22-42 | 


Intel | 80186 


WAVEFORMS (Continued) 
MAJOR CYCLE TIMING (Continued) 


ae ‘a a ~. ee | -. ae ae ae , P et halk oy See dane > ie oe . T ; er Or, uilticdear ie ‘ 4 ~y ie hi ged 
: - * ——— 2 Q by ce OF as ‘ Ye ssh St \ = eine ? Gans * ‘ i s rr? : 7, othe Dee Py M Ry sae we on vy 
a ; sJ i ee ae ae > pp Bes, © a pe , 3 pe ee eS ee ase Sa 2 4. Tt ae pa aie ig SPSS Nis SES pet ee ae aaa ma" 
: Pots E j Se a es. > AC ag Mec OU ee tae 


TCH1CH2 
T; Ta T3 Tw T, 
TCLCL TCL2CL1 
N 


Vc 
CLK OUT am, a 
Vor pF RY TCHCL eae ese 
Cea peace, 


$280 Uy 
sasramorness | [ X tearm X[ | m= | |) 


4 


FLOAT 


ALE 


TCHLH 


AD,;5-ADp 


READ CYCLE TRHAV 


TCHCTV 


WR, INTA = Voy 


DEN % : 
PCS, TCHCSX 
cs, <— TCLCSV TCXCSX 4 <— 
(NOTE 4) 
210451-24 


NOTES: 

1. Following a Write cycle, the Local Bus is floated by the 80186 only when the 80186 enters a “Hold Acknowledge” 
state. 

2. INTA occurs one clock later in slave mode. 

3. Status inactive just prior to T4. 

4. Latched A1 and A2 have same timings as PCS5 and PCS6. 
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WAVEFORMS (Continued) 
READY TIMING 


| 


CLKOUT 


TARYHCH—>| |~<— re 


TARYLCL—> —_— 


‘CLKOUT . - 
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HOLD-HLDA TIMING 


CLKOUT 


THVCL THVCL 
HOLD 
TCLHAV TCLHAV 


ice OEE 
TCLAZ 


AD15 = ADO ja Bee 


DEN 80186 


A19/S6-A16/S3, TCHCZ 
shi = 


__RD, WR, 80186 
52 - 50, LOCK 
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TIMER ON 80186 


CLKOUT TCICO —> 


TIMERIN 


TIMEROUT 


80186 EXECUTION TIMINGS 


Since the bus interface unit and execution unit oper- 
ate independently, a determination of 80186 pro- 
gram execution timing must consider both the bus 
cycles necessary to prefetch instructions as well as 
the number of EU cycles necessary to execute in- 
structions. The following instruction timings repre- 
sent the minimum execution time in clock cycles for 
each instruction. The timings given are based on the 
following assumptions: 


e The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 


e No wait states or bus HOLDS occur. 


<—_—$—__ —-——_ TCKIN ————— 


~#— TCKLH 


TCH1CH2—> 


pe A tO OT, CLOCKS 


TCLCK —> 


| —»| TeLTMv |<— 
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e All word-data is located on even-address bound- 
aries. 


All instructions which involve memory accesses can 
also require one or two additional clocks above. the 
minimum timings shown due to the asynchronous 
handshake between the BIU and execution unit. 


All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 


With a 16-bit BIU, the 80186 has sufficient bus per- 
formance to ensure that an adequate number of pre- 
fetched bytes will reside in the queue most of the 
time. Therefore, actual program execution will not be 
substantially greater than that derived from adding 
the instruction timings shown. 
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INSTRUCTION SET SUMMARY 


Function 


DATA TRANSFER 
MOV = Move: 


Register to Register/Memory 


Register/memory to register 


Immediate to register 
Memory to accumulator 


Accumulator to memory 


PUSH = Push: 
|Memory 


Register 


Segment register 


Segment register 


|XCHG = Exchange: 


Register with accumulator 


IN = Input from: 
Fixed port 


Variable port 
OUT = Output to: 
Fixed port 


Variable port 

XLAT = Translate byte to AL 
LEA = Load EA to register 
LDS = Load pointer to DS 
LES = Load pointer to ES 
LAHF = Load AH with flags 
SAHF = Store AH into flags 


PUSHF = Push flags 
POPF = Pop flags 


Immediate to register/memory 


Register/memory to segment register 


Segment register to register/memory 


Register/memory with register 


Format 


1000100 


1000101w 


mod reg r/m 


8/16-bit 


1100011Ww mod 000 r/m data 


addr-high 
addr-high 


1011w reg 8/ 16-bit 


1010000w addr-low 


1010001Ww addr-low 


10001110 mod 0 reg r/m 
10001100 mod 0 reg r/m 


14ers mod 110 r/m 


01010 reg 


000regi110 


mod000 r/m 


01011 reg 


000reg111 


(reg#01) 


1000011w 


10010 reg 


1110010w 


. 


1110110w 


1110011Ww 
1110111w 


117010114 


10001101 


11000101 (mod#11) 
11000100 (mod#11) 


10011111 


10011100 


40011101 


Shaded areas indicate instructions not available in 8086, 8088 microsystems. 
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INSTRUCTION SET SUMMARY (Continued) 


Function Format 


DATA TRANSFER (Continued) 
SEGMENT = Segment Override: 


00101110 
00110110 
00111110 
00100110 


Reg/memory with register to either 000000dw mod reg r/m 


mod000 r/m data ifsw=01 


data 


Immediate to register/memory 100000sw 
Immediate to accumulator 0000010w data ifw=1 


ADC = Add with carry: 


Reg/memory with register to either 000100dw 
Immediate to register/ memory 100000sw mod010 r/m data ifs w=01 


mod reg r/m 


Immediate to accumulator 0001010w data if w=1 


INC = Increment: 
Register/memory ' ‘4111111w mod000 r/m 


Register 01000 reg 


SUB = Subtract: 
Reg/memory and register to either 001010dw 


mod reg r/m 


data ifs w=01 


Immediate from register/memory 100000sw mod 101 r/m 


Immediate from accumulator 0010110w data data ifw=1 


SBB = Subtract with borrow: 


Reg/memory and register to either 000110dw mod reg r/m 


data ifs w=01 


Immediate from register/memory 100000sw mod 0 11 r/m 


Immediate from accumulator 0001110w data data if w=1 


DEC = Decrement 
Register/memory 1111111w mod001 r/m 


Register 01001 reg 


CMP = Compare: 


Register/memory with register 0011101w mod reg r/m 
Register with register/memory 0011100w mod reg r/m 


Immediate with register/memory 100000sw mod 111 r/m data ifs w=01 


Immediate with accumulator 0011110w 


mod011 r/m 


NEG = Change sign register/memory 1111011w 
AAA = ASCII adjust for add 00110111 
DAA = Decimal adjust for add 00100111 
AAS = ASCII adjust for subtract OOTTIE111 


DAS = Decimal adjust for subtract OO10T1T1 


MUL = Multiply (unsigned): 1111011w mod 100 r/m 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


Shaded areas indicate instructions not available in 8086, 8088 microsystems. 
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8/16-bit 


8/16-bit 


8/16-bit 


8/16-bit 


8/16-bit 


ARITHMETIC (Continued) 


IMUL = Integer multiply (signed): 1111011w mod 101 r/m 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


DIV = Divide (unsigned): 1111011w mod 110 r/m 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


IDIV = Integer divide (signed): 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


AAM = ASCII adjust for multiply 11010100 00001010 
AAD = ASCIl adjust for divide 11010101 00001010 


CBW = Convert byte to word 
CWD = Convert word to double word 


LOGIC 
Shift/Rotate Instructions: 


Register/Memory by 1 2/15 
Register/Memory by CL §+n/i7 +h 


- TTT Instruction 
000 ROL 
001 ROR 
010 RCL 
011 RCR 
100 SHL/SAL 
101 SHR 
111° - SAR 
AND = And: 


Reg/memory and register to either 001000dw 
Immediate to register/memory 1000000w | mod100 t/m Poe gata data if w=1 
data if w= 1 8/16-bit 


Immediate to accumulator 0010010WwW 


TEST = And function to flags, no result: 


Register/memory and register 1000010w 
mod000 r/m 


| data | _dataitw=1 
Immediate data and accumulator 1010100w data data if w= 1 8/16-bit 


OR = Or: 
Reg/memory and register to either 000010dw 


Immediate to register/memory 1000000w mod001 r/m ° data data if w=1 
Immediate to accumulator 0000110w | —data.—s«| ss dataifw=1 8/16-bit 


Shaded areas indicate instructions not available in 8086, 8088 microsystems. 


Immediate data and register/memory 
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Function 


LOGIC (Continued) 
XOR = Exclusive or: 


Reg/memory and register to either 001100dw 
Immediate to register/memory 1000000w | mod110r/m data data if w= 1 
Immediate to accumulator 0011010w data if w= 1 8/16-bit 


NOT = Invert register/memory mod010 r/m 
STRING MANIPULATION 
MOVS = Move byte/word 1010010w 


CMPS = Compare byte/word 1010011w 


i 


SCAS = Scan byte/word 1010111w 
LODS = Load byte/wdto ALAX 1010110w 
STOS = Stor byte/wd from ALA 


Repeated by count in CX 


MOVS = Move string 11110010 1010010w 


CMPS = Compare string 


SCAS = Scan string 171410012 


LODS = Load string 11110010 


ii 


1010110w 


STOS = Store string 


ss 


L 
CALL = Call: 
Direct within segment 


Register/memory 
indirect within segment 


Direct intersegment 10011010 


segment selector 


Indirect intersegment wit mod011 r/m (mod # 11) 
JMP = Unconditional jump: 
Short/long disp-low 


Direct within segment 11 107007 disp-low disp-high 


Register/memory eel mod 100 r/m 


indirect within segment 


Direct intersegment segment offset 


segment selector 


Indirect intersegment Le mod 101 r/m (mod # 11) 


Shaded areas indicate instructions not available in 8086, 8088 microsystems. 
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INSTRUCTION SET SUMMARY (Continued) 


Function 


CONTROL TRANSFER (Continued) 


RET = Return from CALL: 
Within segment 


Within seg adding immed to SP 


Intersegment 


Intersegment adding immediate to SP 


JE/JZ = Jump on equal/zero 


JL/JNGE = Jump on less/not greater or equal 
JLE/JNG = Jump on less or equal/not greater 
JB/JNAE = Jump on below/not above or equal 
JBE/JNA = Jump on below or equal/not above 


JP/JPE = Jump on parity/parity even 


= Jump on overflow 


= Jump on sign 


JNE/JNZ = Jump on not equal/not zero 
JNL/JGE = Jump on not less/greater or equal 
JNLE/JG = Jump on not less or equal/greater 
JNB/JAE = Jump on not below/above or equal 
JNBE/JA = Jump on not below or equal/above 
JNP/JPO = Jump on not par/par odd 


JNO = Jump on not overflow 
JNS = Jump on not sign 
JCXZ = Jump on CX zero 
LOOP = Loop CX times 


LOOPZ/LOOPE = Loop while zero/equal 
LOOPNZ/LOOPNE = Loop while not zero/equal 


INT = Interrupt: 
Type specified 
Type 3 


= Interrupt on overflow 


= Interrupt return 


Shaded areas indicate instructions not available in 8086, 8088 microsystems. 


11000011 
11000010 


11001011 


11001010 


01110100 


O111171710 
01110010 


data-low 


data-low 


01110110 . 


01111010 


01110000 


01111000 


01171101 


O171TT4 
01110011 


01111011 
01110001 
01111001 
11100011 
11100010 
11100001 


11100000 


11001100 
11001110 


< 
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data-high 


data-high 


Comments 


JMP not. 
taken/JMP 
taken 


LOOP not 
taken/LOOP 
taken 


if INT. taken/ 


if INT. not 
taken 


INSTRUCTION SET SUMMARY (Continued) 


Function 


PROCESSOR CONTROL 


CLC = Clear carry 11111000 


CMC = Complement carry LITO 
STC = Set carry 117712001 
CLD = Clear direction 1TT11400 


STD = Set direction 11111101 


CLI = Clear interrupt 11143018 


STI = Set interrupt 17114011 
HLT = Halt 17-1 70700 


WAIT = Wait 10011011 


LOCK = Bus lock prefix 11110000 


ESC = Processor Extension Escape 


Clock 
Comments 
Cycles 


TTA TE mod LLL r/m 


(TTT LLL are opcode to processor extension) 
Shaded areas indicate instructions not available in 8086, 8088 microsystems. 


FOOTNOTES 


The Effective Address (EA) of the memory operand 
is computed according to the mod and r/m fields: 


if mod = 11 then r/m is treated as REG field 

if mod = 00 then DISP = 0%, disp-low and disp-high are absent 

if mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high 
is absent 

if mod = 10 then DISP = disp-high: disp-low 

if r/m = 000 then EA = (BX) + (SI) + DISP 


if r/m = 001 then EA = (BX) + (DI) + DISP 
if r/m = 010 then EA = (BP) + (SI) + DISP 
if r/m = 011 then EA = (BP) + (DI) + DISP 
if r/m = 100 then EA = (SI) + DISP 

if r/m = 101 then EA = (DI) + DISP 

if r/m = 110 then EA = (BP) + DISP* 


ifr/m = 111 then EA = (BX) + DISP 


DISP follows 2nd byte of instruction (before data if 
required) 


*except if mod = 00 and r/m = 110 then EA = 
disp-high: disp-low. 


EA calculation time is 4 clock cycles for all modes, 
and is included in the execution times given whenev- 
er appropriate. 


Segment Override Prefix 
0 0 1 reg 1 1 0 


reg is assigned according to the following: 


reg Segment 
Register 

00 ES 

01 CS 

10 Ss 

11 DS 


REG is assigned according to the following table: 


16-Bit (w = 1) 8-Bit (w = 0) 
000 AX 000 AL 
001 CX 001 CL 
010 DX 010 DL 
011 BX 011 BL 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 DH 
111 DI 111 BH 


The physical addresses of all operands addressed 
by the BP register are computed using the SS seg- 
ment register. The physical addresses of the desti- 
nation operands of the string primitive operations 
(those addressed by the DI register) are computed 
using the ES segment, which may not be overridden. 
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intel ADVANCE INFORMATION % 


80C 186 
CHMOS HIGH INTEGRATION 16-BIT MICROPROCESSOR 
m@ Operation Modes Include: m@ Direct Addressing Capability to 
— Enhanced Mode Which Has 1 MByte and 64 KByte I/O 
— DRAM Refresh — | = Completely Object Code Compatible 
— Power-Save Logic with All Existing 8086/8088 Software 


— Direct Interface to New and Also Has 10 Additional Instructions 


Numerics Coprocessor over 8086/8088 
— Compatible Mode 
— NMOS 80186 Pin for Pin m= Complete System Development 
Replacement for Non-Numerics Support 
Applications — All 8086 and NMOS 80186 Software 
 intockated Fanture Sot Development Tools Can Be Used for 
oe tn het d 80C86/C88 CPU 80C186 System Development 
wibek Cekamior Bisesine lath pet Pascal, Fortran, 
= 2 SE PON OODE rary Sen enere — in-Circuit-Emulator (ICE™-C186) 
— Programmable Interrupt Controller : 
— 3 Programmable 16-Bit Timers @ Available in 68 Pin: — 
— Dynamic RAM Refresh Control Unit — Plastic Leaded Chip Carrier (PLCC) 
— Programmable Memory and — Ceramic Pin Grid Array (PGA) 
Peripheral Chip Select Logic — Ceramic Leadless Chip Carrier 
— Programmable Wait State Generator (JEDEC A Package) 
— Local Bus Controller (See Packaging Outlines and Dimensions, Order Number 


— Power Save Logic or 


— System-Level Testing Support (High @ Available in EXPRESS: 
impedance Test Mode) — Standard Temperature with Burn-in 


m Available in 16 MHz (80C 186-16), — Extended Temperature Range 


12.5 MHz (80C 186-12) and 10 MHz (— 40°C to + 85°C) 
(80C 186-10) Versions 


The Intel 80C186 is a CHMOS high integration microprocessor. It has features which are new to the 80186 
family which include a DRAM refresh control unit, power-save mode and a direct numerics interface. When 
used in ‘compatible’ mode, the 80C186 is 100% pin-for-pin compatible with the NMOS 80186 (except for 
8087 applications). The “enhanced” mode of operation allows the full feature set of the 80C186 to be used. 
The 800186 is upward compatible with 8086 and 8088 software and fully compatible with 80186 and 80188 
software. 
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Figure 1. 80C 186 Block Diagram 
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Figure 2. 80C 186 Pinout Diagrams 
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Table 1. 80C 186 Pin Description 


| Symbol__| PinNo. | Type | ===————sNNameandFunction 
Woe Wee. BAS ft System Power: +5 volt power supply. 
Vss.Vsg__| Vss NBG BOO |25 Fie System Ground. 


Reset Output indicates that the 80C186 CPU is being reset, and 
can be used as a system reset. It is active HIGH, synchronized with 
the processor clock, and lasts an integer number of clock periods 
corresponding to the length of the RES signal. Reset goes inactive 
2 clockout periods after RES goes inactive. When tied to the TEST/ 
BUSY pin, Reset forces the 80C186 into enhanced mode. 


Crystal Inputs X1 and X2 provide external connections for a 
fundamental mode or third overtone parallel resonant crystal for the 
internal oscillator. X1 can connect to an external clock instead of a 
crystal. In this case, minimize the capacitance on X2 or drive X2 
with complemented X1. The input or oscillator frequency is 
internally divided by two to generate the clock signal (CLKOUT). 


Clock Output provides the system with a 50% duty cycle waveform. 
All device pin timings are specified relative to CLKOUT. CLKOUT 
has sufficient MOS drive Capabilities for the Numeric Processor 

Extension. 


System Reset causes the 80C186 to immediately terminate its 
present activity, clear the internal logic, and enter a dormant state. 
This signal may be asynchronous to the 80C186 clock. The 80C186 
begins fetching instructions approximately 7 clock cycles after RES 
is returned HIGH. For proper initialization, Vcc must be within 
specifications and the clock signal must be stable for more than 4 
clocks with RES held LOW. RES is internally synchronized. This 
input is provided with a Schmitt-trigger to facilitate power-on RES 
generation via an RC network. When RES occurs, the 80C186 will 
drive the status lines to an inactive level for one clock, and then 
float them. 


The TEST pin is sampled during and after reset to determine 
whether the 80C186 is to enter Compatible or Enhanced Mode. 
Enhanced Mode requires TEST to be HIGH on the rising edge of 
RES and LOW four clocks later. Any other combination will place 
the 80C186 in Compatible Mode. A weak internal pullup insures a 
HIGH state when the pin is not driven. 


TEST—In Compatible Mode this pin is configured to operate as 
TEST. This pin is examined by the WAIT instruction. If the TEST 
input is HIGH when WAIT execution begins, instruction execution 


TEST/BUSY 47 
LOW, at which time execution will resume. If interrupts are enabled 
BUSY—In Enhanced Mode, this pin is configured to operate as 
Processor Extension activity. Floating point instructions executing 


will suspend. TEST will be resampled every five clocks until it goes 
while the 80C186 is waiting for TEST, interrupts will be serviced. 
BUSY. The BUSY input is used to notify the 80C186 of Numerics 
in the 80C186 sample the BUSY pin to determine when the 

active HIGH. 


Numerics Processor is ready to accept a new command. BUSY is 
TMR IN O, 20 Timer Inputs are used either as clock or control signals, depending 
TMR IN 1 21 upon the programmed timer mode. These inputs are active HIGH 
(or LOW-to-HIGH transitions are counted) and internally 
synchronized. 
TMR OUT 0, 22 Timer outputs are used to provide single pulse or continous 
TMR OUT 1 23 waveform generation, depending upon the timer mode selected. 
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Table 1. 80C 186 Pin Description (Continued) 


[Symbol [ PinNo. | Type | Name and Function 


DMA Request is driven HIGH by an external device when it desires 
that a DMA channel (Channel 0 or 1) perform a transfer. These 
signals are active HIGH, level-triggered, and internally synchronized. 


Non-Maskable Interrupt is an edge-triggered input which causes a 
type 2 interrupt. NMI is not maskable internally. A transition from a 
LOW to HIGH initiates the interrupt at the next instruction boundary. 
NMI is latched internally. An NMI duration of one clock or more will 
guarantee service. This input is internally synchronized. 


Maskable Interrupt Requests can be requested by activating one of 
these pins. When configured as inputs, these pins are active HIGH. 
Interrupt Requests are synchronized internally. INT2 and INT3 may 
be configured via software to provide active-LOW interrupt- 
acknowledge output signals. All interrupt inputs may be configured 
via software to be either edge- or level-triggered. To ensure 
recognition, all interrupt requests must remain active until the 
interrupt is acknowledged. When slave mode is selected, the 
function of these pins changes (see Interrupt Controller section of 
this data sheet). 


Address Bus Outputs (16-19) and Bus Cycle Status (3-6) reflect the 
four most significant address bits during T;. These signals are active 
HIGH. During To, T3, Tw, and T4, status information is available on 

these lines as encoded below: 


(SA eerire Sania aie hea i i | * een 
rer Bee Processor Cycle DMA Cycle 


S3, S4, and S5 are defined as LOW during T2-T4. 


Address/ Data Bus (0-15) signals constitute the time multiplexed 
memory or I/O address (T;) and data (To, T3, Tw, and T,4) bus. The 
bus is active HIGH. Ag is analogous to BHE for the lower byte of the 
data bus, pins D7 through Dp. It is LOW during T; when a byte is to 
be transferred onto the lower portion of the bus in memory or I/O 
operations. 


The BHE (Bus High Enable) signal is analogous to AO in that it is 
used to enable data on to the most significant half of the data bus, 
pins D15—D8. BHE will be LOW during T; when the upper byte is 
transferred and will remain LOW through T3 AND Tw. BHE does not 
need to be latched. BHE will float during HOLD. 


In Enhanced Mode, BHE will also be used to signify DRAM refresh 
cycles. A refresh cycle is indicated by BHE and AO being HIGH. 


BHE and AO Encodings 


BHE Value AOValue | Function 


0 0 ‘Word Transfer 
1 

1 0 

1 1 


Byte Transfer on upper half of 
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INTO, INT1 
INT2/INTAO 
INT3/INTA1 


A19/S6, 
A18/S5, 
A17/S4, 
A16/S3 


data bus (015-—D8) 

Byte Transfer on lower half of 
data bus (D7—Do) 

Refresh 
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Table 1. 80C 186 Pin Description (Continued) 
| Symbol | PinNo. | Type — Name and Function : 
ALE/QS0O Address Latch Enable/Queue Status 0 is provided by the 80C186 
to latch the address. ALE is active HIGH. Addresses are 
preceding T, of the associated bus cycle, effectively one-half clock 
cycle earlier than in the standard 8086. The trailing edge is 
generated off the CLKOUT rising edge in T; as in the 8086. Note 
that ALE is never floated. 
WR/QS1 Write Strobe/Queue Status 1 indicates that the data on the bus is 
to be written into a memory or an I/O device. WR is active for To, 
T3, and Tw of any write cycle. It is active LOW, and floats during 
“HOLD.” It is driven HIGH for one clock during Reset, and then 
floated. When the 80C186 is in queue status mode, the ALE/QSO 
and WR/QS1 pins provide information about processor/instruction 
queue interaction. 
ae Queue Operation 
No queue operation 
; : First opcode byte fetched from 
the queue 
1 1 Subsequent byte fetched from 
7 the queue 
1 0 Empty the queue 
cycle. It is guaranteed not to go LOW in To until after the Address 
Bus is floated. RD is active LOW, and floats during “HOLD”. RD is 
driven HIGH for one clock during Reset, and then the output driver 
is floated. A weak internal pull-up mechanism of the RD line holds it 
HIGH when the line is not driven. During RESET the pin is sampled 


guaranteed to be valid on the trailing edge of ALE. The ALE rising 
RD/QSMD Read Strobe indicates that the 80C186 is performing a memory or 
to determine whether the 80C186 should provide ALE, WR and RD, 


edge is generated off the rising edge of the CLKOUT immediately 
1/O read cycle. RD is active LOW for To, T3, and Tw of any read 
or if the Queue-Status should be provided. RD should be 


connected to GND to provide Queue-Status data. 


Asynchronous Ready informs the 80C186 that the addressed 
memory space or I/O device will complete a data transfer. The 
ARDY input pin will accept an asynchronous input, and is active 
HIGH. Only the rising edge is internally synchronized by the 
80C186. This means that the falling edge of ARDY must be 
synchronized to the 80C186 clock. If connected to Voc, no WAIT 
states are inserted. Asynchronous ready (ARDY) or synchronous - 
ready (SRDY) must be active to terminate a bus cycle. If unused, 
this line should be tied LOW to yield control to the SRDY pin. 


Synchronous Ready must be synchronized externally to the 
80C186. The use of SRDY provides a relaxed system-timing 
specification on the Ready input. This is accomplished by 
eliminating the one-half clock cycle which is required for internally 
resolving the signal level when using the ARDY input. This line is 
active HIGH. If this line is connected to Vcc, no WAIT states are 
inserted. Asynchronous ready (ARDY) or synchronous ready 
(SRDY) must be active before a bus cycle is terminated. If unused, 
this line should be tied LOW to yield control to the ARDY pin. 
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Table 1. 80C 186 Pin Description (Continued) 


LOCK output indicates that other system bus masters are not to gain 
control of the system bus while LOCK is active LOW. The LOCK 
signal is requested by the LOCK prefix instruction and is activated at 
the beginning of the first data cycle associated with the instruction 
following the LOCK prefix. It remains active until the completion of 
the instruction following the LOCK prefix. No prefetches will occur 
while LOCK is asserted. LOCK is active LOW, is driven HIGH for one 
clock during RESET, and then floated. 


Bus cycle status SO-S2 are encoded to provide bus-transaction 
information: 


80C 186 Bus Cycle Status Information 
| 2] Si | ~80_ | _—Bus Cycle Initiated 


Interrupt Acknowledge 
Read I/O 

Write I/O 

Halt 

Instruction Fetch 

Read Data from Memory 
Write Data to Memory 
Passive (no bus cycle) 


The status pins float during HOLD/HLDA. ae a 
S2 may be used as a logical M/IO indicator, and S1 as aDT/R 
indicator. 


—_— =-—-§ OO =| =| O O 
-9oO+-(0O-0+- OO 


The status lines are driven HIGH for one clock during Reset, and 
then floated until a bus cycle begins. 


HOLD (input) HOLD indicates that another bus master is requesting the local bus. 

HLDA (output) The HOLD input is active HIGH. HOLD may be asynchronous with 
respect to the 80C186 clock. The 80C186 will issue a HLDA (HIGH) 
in response to a HOLD request at the end of T4 or Tj. Simultaneous 
with the issuance of HLDA, the 800186 will float the local bus and 
control lines. After HOLD is detected as being LOW, the 800186 will 
lower HLDA. When the 80C186 needs to run another bus cycle, it will 
again drive the local bus and control lines. 


In Enhanced Mode, HLDA will go low when a DRAM refresh cycle is 
pending in the 80C186 and an external bus master has control of the 
bus. It will be up to the external master to relinquish the bus by 
lowering HOLD so that the 80C186 may execute the refresh cycle. 
Lowering HOLD for four clocks and returning HIGH will insure only 
one refresh cycle to the external master. HLDA will immediately go 
active after the refresh cycle has taken place. 


Upper Memory Chip Select is an active LOW output whenever a 
memory reference is made to the defined upper portion (1K-256K 
block) of memory. This line is not floated during bus HOLD. The 
address range activating UCS is software programmable. 


UCS and LCS are sampled upon the rising edge of RES. If both pins 
are held low, the 80C186 will enter ONCETM Mode. In ONCE Mode 
all pins assume a high impedance state and remain so until a 
subsequent RESET. UCS has a weak internal pullup for normal 
operation. 
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Table 1. 80C186 Pin Description (Continued) 


|___Symbol___|_—PinNo.__| Type | Name and Function 


Lower Memory Chip Select is active LOW whenever a 
memory reference is made to the defined lower portion (1K- 
256K) of memory. This line is not floated during bus HOLD. | 
The address range activating LCS is software 
programmable. 


UCS and LCS are sampled upon the rising edge of RES. If 
both pins are held low, the 80C186 will enter ONCE Mode. In 
ONCE Mode all pins assume a high impedance state and 
remain so until a subsequent RESET. UCS has a weak 
internal pullup for normal operation. 


MCS0/PEREQ Mid-Range Memory Chip Select signals are active LOW 
MCS1/ERROR when a memory reference is made to the defined mid-range 
MCS2 > portion of memory (8K-512k). These lines are not floated 
MCS3/NPS during bus HOLD. The address ranges activating MCSO-3 
are software programmable. 


In Enhanced Mode, MCSO becomes a PEREQ input 
(Processor Extension Request). When connected to the 
Numerics Processor Extension, this input is used to signal 
the 80C186 when to make numeric data transfers to and 
from the NPX. MCS3 becomes NPS (Numeric Processor 
Select) which may only be activated by communication to 
the Numerics Processor Extension. MCS1 becomes ERROR 
in enhanced mode and is used to signal numerics 
coprocessor errors. 


Peripheral Chip Select signals 0-4 are active LOW when a 
reference is made to the defined peripheral area (64K byte I/ 
O space). These lines are not floated during bus HOLD. The 
address ranges activating PCSO-—4 are software 
programmable. 


Peripheral Chip Select 5 or Latched A1 may be programmed 
to provide a sixth peripheral chip select, or to provide an 
internally latched A1 signal. The address range activating 
PCS5 is software programmable. When programmed to 
provide latched. A1, rather than PCSS5, this pin will retain the 
previously latched value of A1 during a bus HOLD. A1 is 
active HIGH. 


Peripheral Chip Select 6 or Latched A2 may be programmed 
to provide a seventh peripheral chip select, or to provide an 
internally latched A2 signal. The address range activating » 
PCS6 is software programmable. When programmed to 
provide latched A2, rather than PCS6, this pin will retain the 
previously latched value of A2 during a bus HOLD. A2 is 
active HIGH. 


Data Transmit/Receive controls the direction of data flow 
through the external 8286/8287 data bus transceiver. When 
LOW, data is transferred to the 80C186. When HIGH the 
80C186 places write data on the data bus. 
Data Enable is provided as an 8286/8287 data bus 
transceiver output enable. DEN is active LOW during each 
memory and I/O access. DEN is HIGH whenever DT/R 
changes state. 


PCSO 25 
PCS1-4 27, 28, 29, 30 


PCS5/A1 31 


. ae 


- 
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ADVANCE INFORMATION 


FUNCTIONAL DESCRIPTION 


Introduction 


The following Functional Description describes the 
base architecture of the 80C186. This architecture is 
common to the 8086, 8088, 80186 and 80286 micro- 
processor families as well. The 80C186 is a very 
high integration 16-bit microprocessor. It combines 
15-20 of the most common microprocessor system 
components onto one chip. The 80C186 is object 
code compatible with the 8086/8088 microproces- 
sors and adds 10 new instruction types to the exist- 
ing 8086/8088 instruction set. 


The 80C186 has two major modes of operation, 
Compatible and Enhanced. In Compatible Mode the 
80C186 is completely compatible with NMOS 
80186, with the exception of 8087 support. All pin 
functions, timings, and drive capabilities are identi- 
cal. The Enhanced mode adds three new features to 
the system design. These are Power-Save control, 
Dynamic RAM refresh, and an asynchronous Nu- 
merics Co-processor interface. 


80C186 BASE ARCHITECTURE 


The 8086, 8088, 80186, and 80286 family all contain 
the same basic set of registers, instructions, and ad- 
dressing modes. The 80C186 processor is upward 
compatible with the 8086, 8088, and 80286 CPUs. 


Register Set 


The 80C186 base architecture has fourteen regis- 
ters as shown in Figures 3a and 3b. These registers 
are grouped into the following categories. 


General Registers 


Eight 16-bit general purpose registers may be used 
to contain arithmetic and logical operands. Four of 


these (AX, BX, CX, and DX) can be used as 16-bit 
registers or split into pairs of separate 8-bit registers. 


Segment Registers 


Four 16-bit special purpose registers select, at any 
given time, the segments of memory that are imme- 
diately addressable for code, stack, and data. (For 
usage, refer to Memory Organization.) 


Base and Index Registers 


Four of the general purpose registers may also be 
used to determine offset addresses of operands in 
memory. These registers may contain base address- 
es or indexes to particular locations within a seg- 
ment. The addressing mode selects the specific reg- 
isters for operand and address calculations. 


Status and Control Registers 


Two 16-bit special purpose registers record or alter 
certain aspects of the 80C186 processor state. 
These are the Instruction Pointer Register, which 
contains the offset address of the next sequential 
instruction to be executed, and the Status Word 
Register, which contains status and control flag bits 
(see Figures 3a and 3b). 


Status Word Description 


The Status Word records specific characteristics of 
the result of logical and arithmetic instructions (bits 
0, 2, 4, 6, 7, and 11) and controls the operation of 
the 80C186 within a given operating mode (bits 8, 9, 
and 10). The Status Word Register is 16-bits wide. 
The function of the Status Word bits is shown in 
Table 2. 
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16-BIT : SPECIAL 
REGISTER REGISTER 
FUNCTIONS 


15 : 0 


CODE SEGMENT SELECTOR 


DATA SEGMENT SELECTOR 
' ‘ 


pt ABLE Vee MULTIPLY/DIVIDE 

(8-BIT Hie _ VO INSTRUCTIONS ss STACK SEGMENT SELECTOR 
REGISTER 

NAMES ES EXTRA SEGMENT SELECTOR 
SHOWN) cx LOOP/SHIFT/REPEAT/COUNT | 


SEGMENT REGISTERS 


BASE REGISTERS 


STATUS WORD 
INDEX REGISTERS 


INSTRUCTION POINTER 


STACK POINTER STATUS AND CONTROL 
REGISTERS 


GENERAL 
REGISTERS 


Figure 3a. 80C 186 Register Set 


STATUS FLAGS: 
CARRY 

PARITY 
AUXILIARY CARRY 
ZERO 

SIGN 

‘OVERFLOW 


14 13 12 


srarus wono: VMI oF Lor Le Do De Tar So Dr Der 


CONTROL FLAGS: 
TRAP FLAG 

- INTERRUPT ENABLE 
DIRECTION FLAG 


\\\\\j iret Reserveo i 270354-4 


Figure 3b. Status Word Format 


22-61 


Table 2. Status Word Bit Functions 


Bit 
Position 
Carry Flag—Set on high-order 
bit carry or borrow; cleared 
otherwise 
Parity Flag—Set if low-order 8 
bits of result contain an even 
number of 1-bits; cleared 
otherwise 
Set on carry from or borrow to 
the low order four bits of AL; 
cleared otherwise 
ZF _ | Zero Flag—Set if result is zero; 

cleared otherwise 

7 SF | Sign Flag—Set equal to high- 
order bit of result (0 if positive, 
1 if negative) 


TF | Single Step Flag—Once set, a 
single step interrupt occurs 
after the next instruction 
executes. TF is cleared by the 
single step interrupt. 
Interrupt-enable Flag—When 
set, maskable interrupts will 
cause the CPU to transfer 
control to an interrupt vector 
specified location. 


Direction Flag—Causes string 
instructions to auto decrement 
the appropriate index register 

when set. Clearing DF causes 
auto increment. 


Overflow Flag—Set if the 
signed result cannot be 
expressed within the number 
of bits in the destination 
operand; cleared otherwise 


Instruction Set 


The instruction set is divided into seven categories: 
data transfer, arithmetic, shift/rotate/logical, string 
manipulation, control transfer, high-level instruc- 
tions, and processor control. These categories are 
summarized in Figure 4. 


An 80C186 instruction can reference anywhere from 
zero to several operands. An operand can reside in 
a register, in the instruction itself, or in memory. Spe- 
cific operand addressing modes are discussed later 
in this data sheet. 


Memory Organization 


Memory is organized in sets of segments. Each seg- 
ment is a linear contiguous sequence of up to 64K 
(216) 8-bit bytes. Memory is addressed using a two- 
component address (a pointer) that consists of a 16- 
bit base segment and a 16-bit offset. The 16-bit 
base values are contained in one of four internal 
segment register (code, data, stack, extra). The 
physical address is calculated by shifting the base 
value LEFT by four bits and adding the 16-bit offset 
value to yield a 20-bit physical address (see Figure 
5). This allows for a 1 MByte physical address size. 


All instructions that address operands in memory 
must specify the base segment and the 16-bit offset 
value. For speed and compact instruction encoding, 
the segment register used for physical address gen- 
eration is implied by the addressing mode used (see 
Table 3). These rules follow the way programs are 
written (See Figure 6) as independent modules that 
require areas for code and data; a stack, and access 
to external data areas. 


Special segment override instruction prefixes allow 
the implicit segment register selection rules to be 
overridden for special cases. The stack, data, and 
extra segments may coincide for simple programs. 
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GENERAL PURPOSE MOVS Move byte or word string 


OUTS 
CMPS 
=e 


Pop all registers from stack 
LODS Load byte or word string 


Spe Spa 
Translate byte STOS Store byte or word string 


INPUT/OUTPUT 
Input byte or word REPE/REPZ Repeat while equal/zero 


REPNE/REPNZ 
ADDRESSOBJECT 
LEA NOT 
ms 
“Inclusive or’ byte or word 

= 
— 
Es 
Sea 
SHR 

SAR Shift arithmetic right byte or word 


ADD 

ADC 

vr RCR Rotate through carry right byte or word 
i 


SUBTRACTION STC} Setsaeg shel 


Decimal adjust for addition 


Clear carry flag 


G ’ 
LC 
SUB Subtract byte or word MC Anuibiccnent fanerte 
SBB Subtract byte or word with borrow 5 a tant ae 
et direction fla 

DEC Decrement byte or word by 1 Alga raction ie 
NEG 
nie paras a er Set interrupt enable flag 

CLI Clear interrupt ble fl 
AAS ASCII adjust for subtraction SE oa och ee oer ON 
DAS 


Decimal adjust for subtraction 


HLT Halt until interrupt or reset 
MULTIPLICATION A amie Pe ese abe 
Multiply byte or word unsigned ca i ll 
ESC 
Integer multiply byte or word | esc P E 
’ Lock bus during next instruction 
ASCIil adjust for multiply 
NO OPERATION 
Divide byte or word unsigned ? 
ee HIGH LEVEL INSTRUCTIONS 
Integer divide byte or word = Pate ; 
or procedure e 
ASCII adjust for division cde Ml et lb il 


; | Restore stack for procedure exit 
Restore stack for procedure exit 
Ww Convert byte to word : 
BOUND Detects values outside prescribed range 
D Convert word to doubleword 


B 
W 


Figure 4. 80C 186 Instruction Set 
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JMP 
LOOP 
LOOPE/LOOPZ 
LOOPNE/LOOPNZ 
JCXZ Jump if register CX = 0 

NTS. Soe aes Sitergpt = 2 
Jump if not sign 


Figure 4. 80C 186 Instruction Set (Continued) 


To access operands that do not reside in one of the 
four immediately available segments, a full 32-bit 
pointer can be used to reload both the base (seg- 
ment) and offset values. 


SHIFT LEFT 4 BITS SEGMENT 
BASE 
LOGICAL 


MODULE A 


1 0 ADDRESS 


i) 0 


MOOULE 8 C——— 


mee wer ae es PHYSICAL ADDRESS 


19 0 
TO MEMORY 270354-5 


Figure 5. Two Component Address 


SEGMENT 
REGISTERS 


Table 3. Segment Register Selection Rules 


Memory | Segment 
Reference | Register 
Needed Used 


Instructions | Code (CS) 


implicit Segment 
Selection Rule 


Instruction prefetch and 
immediate data. 

All stack pushes and 
pops; any memory 
references which use BP 
Register as a base 
register. 

All string instruction 
references which use 

the DI register as an 
index. 

All other data references. 


PROCESS 
DATA 
BLOCK 2 


| 1 
Lowe J 
MEMORY 


Extra (ES) 
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Figure 6. Segmented Memory Helps 
Structure Software 


Local Data | Data (DS) 
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Addressing Modes 


The 800186 provides eight categories of addressing 
modes to specify operands. Two addressing modes 
are provided for instructions that operate on register 
or immediate operands: 


e Register Operand Mode: The operand is located 
in one of the 8- or 16-bit general registers. 


e /mmediate Operand Mode: The operand is in- 
cluded in the instruction. 


Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: a seg- 
ment base and an offset. The segment base is sup- 
plied by a 16-bit segment register either implicitly 
chosen by the addressing mode or explicitly chosen 
by a segment override prefix. The offset, also called 
the effective address, is calculated by summing any 
combination of the following three address ele- 
ments: , 


e the displacement (an 8- or 16-bit immediate value 
contained in the instruction); 


e the base (contents of either the BX or BP base 
registers); and 


e the index (contents of either the SI or DI index 
registers). 


Any carry out from the 16-bit addition is ignored. 


Eight-bit displacements are sign extended to 16-bit 


values. 


Combinations of these three address elements de- 
fine the six memory addressing modes, described 
below. 


e Direct Mode: The operand’s offset is contained in 
the instruction as an 8- or 16-bit displacement el- 
ement. 


¢ Register Indirect Mode: The operand’s offset is in 
one of the registers SI, DI, BX, or BP. 


e Based Mode: The operand’s offset is the sum of 
an 8- or 16-bit displacement and the contents of 
a base register (BX or BP). 


e /ndexed Mode: The operand'’s offset is the sum 
of an 8- or 16-bit displacement and the contents 
of an index register (SI or DI). 


e Based Indexed Mode: The operand’s offset is the 
sum of the contents of a base register and an 
Index register. 


e Based indexed Mode with Displacement: The op- 
erand’s offset is the sum of a base register’s con- 
tents, an index register’s contents, and an 8- or 
16-bit displacement. 
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Data Types 


The 80C186 directly supports the following data 
types: 


e /nteger: A signed binary numeric value contained 
in an 8-bit byte or a 16-bit word. All operations 
assume a 2’s complement representation. 
Signed 32- and 64-bit integers are supported us- 
ing a Numeric Data Coprocessor with the 
800186. 


© Ordinal: An unsigned binary numeric value con- 
tained in an 8-bit byte or a 16-bit word. 


e Pointer: A 16- or 32-bit quantity, composed of a 
16-bit offset component or a 16-bit segment base 
component in addition to a 16-bit offset compo- 
nent. 


e String: A contiguous sequence of bytes or words. 
A string may contain from 1 to 64K bytes. 


e ASCII: A byte representation of alphanumeric and 
control characters using the ASCII standard of 
character representation. . 


e BCD: A byte (unpacked) representation of the 
decimal digits 0-9. 


e Packed BCD: A byte (packed) representation of 
two decimal digits (0-9). One digit is stored in 
each nibble (4-bits) of the byte. 


e Floating Point: A signed 32-, 64-, or 80-bit real 
number representation. (Floating point operands 
are supported using a Numeric Data Coprocessor 
with the 80C186.) 


In general, individual data elements must fit within 
defined segment limits. Figure 7 graphically repre- 
sents the data types supported by the 80C186. 


I/O Space 


The I/O space consists of 64K 8-bit or 32K 16-bit 
ports. Separate instructions address the I/O space 
with either an 8-bit port address, specified in the in- 
struction, or a 16-bit port address in the DX register. 
8-bit port addresses are zero extended such that 
Ai5-Ag are LOW. I/O port addresses OOF8(H) 
through OOFF(H) are reserved. 


Interrupts 


An interrupt transfers execution to a new program 
location. The old program address (CS:IP) and ma- 
chine state (Status Word) are saved on the stack to 
allow resumption of the interrupted program. Inter- 
rupts fall into three classes: hardware initiated, INT 
instructions, and instruction exceptions. Hardware 
initiated interrupts occur in response to an external 
input and are classified as non-maskable or maska- 
ble. 
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SIGNED 
BYTE 


SIGN BIT -| J 
MAGNITUDE 


7 0 
INSIGNED 

BYTE 
. MSB 
MAGNITUDE 
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SIGNED 
WORD 


SIGN BIT 7,“ MSB 
MAGNITUDE 


+3 42 gogg 77 0 0 


SIGNED 31 
DOUBLE 
WORD‘ 


SIGN BIT- |“ mMsB 
MAGNITUDE 


+7 +6 +5 +4 +3 
SIGNED 63 48 47 3231 
QUAD 


WORD" 
SIGN BIT 4“ MSB 
MAGNITUDE 


15 5b 0 0 
UNSIGNED 
WORD 
UwsB 
MAGNITUDE 


BINARY . e 


BCD BCD 
DIGIT 1 DIGIT 0 


+1 0 


7 07 0 


ASCII ASCII 
CHARACTER; CHARACTER) 


+N +1 0 
PACKED ¢- : . “ : 
—— ee | 


MOST 
SIGNIFICANT DIGIT 


ASCli 
CHARACTERW 


LEAST 
SIGNIFICANT DIGIT 


+10 9715 9 


715 *N 715 
STRING 
BYTE WORD N 


+3 +2 


BYTE WORD1 BYTE WORDO 


+1 0 


3 16 15 it} 


POINTER 


SELECTOR 
wo +O +8. KT” +6 


FLOATING 
POINT* 


SIGN BIT~ 


EXPONENT MAGNITUDE 
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NOTE: 
*Supported by using a Numeric Data Coprocessor with 
the 80C186. 


_ Figure 7. 80C186 Supported Data Types 


Programs may cause an interrupt with an INT in- 
struction. Instruction exceptions occur when an un- 
usual condition, which prevents further instruction 
processing, is detected while attempting to execute 
an instruction. If the exception was caused by exe- 
cuting an ESC instruction with the ESC trap bit set in 
the relocation register, the return instruction will 
point to the ESC instruction, or to the segment over- 
ride prefix immediately preceding the ESC instruc- 


tion if the prefix was present. In all other cases, the 
return address from an exception will point at the 
instruction immediately following the instruction 
causing the exception. 


A table containing up to 256 pointers defines the 
proper interrupt service routine for each interrupt. In- 
terrupts 0-31, some of which are used for instruc- 
tion exceptions, are reserved. Table 4 shows the 
80C186 predefined types and default priority levels. 
For each interrupt, an 8-bit vector must be supplied 
to the 80C186 which identifies the appropriate table 
entry. Exceptions supply the interrupt vector inter- 
nally. In addition, internal peripherals and noncas- 
caded external interrupts will generate their own 
vectors through the internal interrupt controller. INT 
instructions contain or imply the vector and allow 
access to all 256 interrupts. Maskable hardware ini- 
tiated interrupts supply the 8-bit vector to the CPU 
during an interrupt acknowledge bus sequence. 
Non-maskable hardware interrupts use a predefined 
internally supplied vector. 


Interrupt Sources 


The 80C186 can service interrupts generated by 
software or hardware. The software interrupts are 
generated by specific instructions (INT, ESC, unused 
OP, etc.) or the results of conditions specified by 
instructions (array bounds check, INTO, DIV, IDIV, 
etc.). All interrupt sources are serviced by an indirect 
call through an element of a vector table. This vector 
table is indexed by using the interrupt vector type 


(Table 4), multiplied by four. All hardware-generated 


interrupts are sampled at the end of each instruc- 
tion. Thus, the software interrupts will begin service 
first. Once the service routine is entered and inter- 
rupts are enabled, any hardware source of sufficient 
priority can interrupt the service routine in progress. 


The software generated 80C186 interrupts are de- 
scribed below. | 


DIVIDE ERROR, EXCEPTION (TYPE 0) 


Generated when a DIV or IDIV instruction quotient 
cannot be expressed in the number of bits in the 
destination. 


SINGLE-STEP INTERRUPT (TYPE 1) 


Generated after most instructions if the TF flag is 
set. Interrupts will not be generated after prefix in- 
structions (e.g., REP), instructions which modify seg- 
ment registers (e.g., POP DS), or the WAIT instruc- 
tion. 


NON-MASKABLE INTERRUPT—NMI (TYPE 2) 


An _ external interrupt source which cannot be 
masked. 
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Divide Error DIV, IDIV 
Exception 
Single Step l All 
Interrupt 
NMI All 
Breakpoint INT 
Interrupt 
INTO Detected INTO 
Overflow 
Exception 
Array Bounds 
Exception 
Unused-Opcode 
Exception 
ESC Opcode 
Exception 
Timer 0 Interrupt 
Timer 1 Interrupt 
Timer 2 Interrupt 
Reserved 
DMA 0 Interrupt 
DMA 1 Interrupt 
INTO Interrupt 
INT1 Interrupt 
INT2 Interrupt 
INT3 Interrupt 


BOUND 


Undefined 
Opcodes 
ESC Opcodes 


NOTES: 

*1. These are generated as the result of an instruction exe- 
cution. 

**2. This is handled as in the 8086. 

****3. All three timers constitute one source of request to 
the interrupt controller. The Timer interrupts all have the 
same default priority level with respect to all other interrupt 
sources. However, they have a defined priority ordering 
amongst themselves. (Priority 2A is higher priority than 2B.) 
Each Timer interrupt has a separate vector type number. 
4. Default priorities for the interrupt sources are used only if 
the user does not program each source into a unique prior- 
ity level. 

***5. An escape opcode will cause a trap if the 80C186 is 
in compatible mode or if the processor is in enhanced 
mode with the proper bit set in the peripheral control block 
relocation register. 


BREAKPOINT INTERRUPT (TYPE 3) 


A one-byte version of the INT instruction. It uses 12 
as an index into the service routine address table 
(because it is a type 3 interrupt). 


INTO DETECTED OVERFLOW EXCEPTION 
(TYPE4) 


Generated during an INTO instruction if the OF bit is 
set. 


ARRAY BOUNDS EXCEPTION (TYPE 5) 


Generated during a BOUND instruction if the array 
index is outside the array bounds. The array bounds 
are located in memory at a location indicated by one 
of the instruction operands. The other operand indi- 
cates the value of the index to be checked. » 


UNUSED OPCODE EXCEPTION (TYPE 6) 


Generated if execution is attempted on undefined 
opcodes. 


ESCAPE OPCODE EXCEPTION (TYPE 7) 


Generated if execution is attempted of ESC opcodes 
(D8H-—DFH). In compatible mode operation, ESC 
opcodes will always generate this exception. In en- 
hanced mode operation, the exception will be gener- 
ated only if a bit in the relocation register is set. The 
return address of this exception will point to the ESC 
instruction causing the exception. If a segment over- 
ride prefix preceded the ESC instruction, the return 
address will point to the segment override prefix. 


Hardware-generated interrupts are divided into two 
groups: maskable interrupts and non-maskable in- 
terrupts. The 80C186 provides maskable hardware 
interrupt request pins INTO-INTS. In addition, mask- 
able interrupts may be generated by the 80C186 in- 
tegrated DMA controller and the integrated timer 
unit. The vector types for these interrupts is shown 
in Table 4. Software enables these inputs by setting 
the interrupt flag bit (IF) in the Status Word. The in- 
terrupt controller is discussed in the peripheral sec- 
tion of this data sheet. 


Further maskable interrupts are disabled while serv- 
icing an interrupt because the IF bit is reset as part 
of the response to an interrupt or exception. The 
saved Status Word will reflect the enable status of 
the processor prior to the interrupt. The interrupt flag 
will remain zero unless specifically set. The interrupt 
return instruction restores the Status Word, thereby 
restoring the original status of IF bit. If the interrupt 
return re-enables interrupts, and another interrupt is 
pending, the 80C186 will immediately service the 
highest-priority interrupt pending, i.e., no instructions 
of the main line program will be executed. 


Non-Maskable Interrupt Request (NMI) 


A non-maskable interrupt (NMI) is also provided. 
This interrupt is serviced regardless of the state of 
the IF bit. A typical use of NMI would be to activate a 
power failure routine. The activation of this input 
causes an interrupt with an internally supplied vector 
value of 2. No external interrupt acknowledge se- 
quence is performed. The IF bit is cleared at the 
beginning of an NMI interrupt to prevent maskable 
interrupts from being serviced. 
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Single-Step Interrupt 


The 80C186 has an internal interrupt that allows pro- 
grams to execute one instruction at a time. It is 
called the single-step interrupt and is controlled by 
the single-step flag bit (TF) in the Status Word. Once 
this bit is set, an internal single-step interrupt will 
occur after the next instruction has been executed. 
The interrupt clears the TF bit and uses an internally 
supplied vector of 1. The IRET instruction is used to 
set the TF bit and transfer control to the next instruc- 
tion to be single-stepped. 


Initialization and Processor Reset 


Processor initialization or startup is accomplished by 
driving the RES input pin LOW. RES forces the 
80C186 to terminate all execution and local bus ac- 
tivity. No instruction or bus activity will occur as long 
as RES is active. After RES becomes inactive and 
an internal processing interval elapses, the 80C186 
begins execution with the instruction at physical lo- 
cation FFFFO(H). RES also sets some registers to 
predefined values as shown in Table 5. 


Table 5. 80C 186 Initial Register State 
after RESET 

Status Word 

Instruction Pointer 

Code Segment 

Data Segment 


F002(H) 
0000(H) 
FFFF(H) 
0000(H) 
0000(H) 
0000(H) 
20FF(H) 
FFFB(H) 


_ Extra Segment 
Stack Segment 
Relocation Register 
UMCS 


80C186 CLOCK GENERATOR 


The 80C186 provides an on-chip clock generator for 
both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide- 
by-two counter, synchronous and asynchronous 
ready inputs, and reset circuitry. 


Oscillator 


The 80C186 oscillator circuit is designed to be used 
either with a parallel resonant fundamental or third- 
overtone mode crystal, depending upon the frequen- 
cy range of the application as shown in Figure 8c. 
This is used as the time base for the 80C186. The 
crystal frequency chosen should be twice the re- 
quired processor frequency. Use of an LC or RC cir- 
cuit is not recommended. 


The output of the oscillator is not directly available 
outside the 80C186. The two recommended crystal 
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configurations are shown in Figure 8a. When used in 


third-overtone mode the tank circuit shown in Figure | 


8b is recommended for stable operation. The sum of 
the stray capacitances and loading capacitors 


‘should equal the values shown. It is advisable to lim- 


it stray capacitance between the X1 and X2 pins to 
less than 10 pF. While a fundamental-mode circuit 
will require approximately 1 ms for start-up, the third- 
overtone arrangement may require 1 ms to 3 ms to 
stabilize. 


Alternately the oscillator pins may be driven from an 
external source in a configuration shown in Figure 
8d or Figure 8e. The configuration shown in Figure 
8f is not recommended. 


The following parameters may be used for choosing 
a crystal: 


Temperature Range: 0 to 70°C 
ESR (Equivalent Series Resistance): 402 max 
Co (Shunt Capacitance of Crystal): 7.0 pf max 
C, (Load Capacitance): 20.pF, £:2.0F 
Drive Level: 1 mW max 


Clock Generator 


The 80C186 clock generator provides the 50% duty 
cycle processor clock for the 80C186. It does this by 
dividing the oscillator output by 2 forming the sym- 
metrical clock. If an external oscillator is used, the 
state of the clock generator will change on the fall- 
ing edge of the oscillator signal. The CLKOUT pin 
provides the processor clock signal for use outside 
the 80C186. This may be used to drive other system 
components. All timings are referenced to the output 
clock. 


READY Synchronization 


The 80C186 provides both synchronous and asyn- 
chronous ready inputs. Asynchronous ready syn- 
chronization is accomplished by circuitry which sam- 
ples ARDY in the middle of To, T3 and again in the 
middie of each Tw until ARDY is sampled HIGH. 
One-half CLKOUT cycle of resolution time is used. 
Full synchronization is performed only on the rising 
edge of ARDY, i.e., the falling edge of ARDY must 
be synchronized to the CLKOUT signal if it will occur 
during To, T3, or Tw. High-to-LOW transitions of 
ARDY must be performed synchronously to the CPU 
clock. 


A second ready input (SRDY) is provided to inter- 
face with externally synchronized ready signals. This 
input is sampled at the end of To, T3 and again at 
the end of each Tw until it is sampled HIGH. By 
using this input rather than the asynchronous ready 
input, the half-clock cycle resolution time penalty is 
eliminated. 
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270354-25 
(8b) 
Note 1: 
XTAL Frequency L1 Value 
20 Mhz 12.0 wH +20% 


25 Mhz 8.2 wH +20% 
32 Mhz 4.7 pH +20% 


Recommended Crystal Mode Third=Overtone 


ora Fundamental I 


Desired CPU Frequency 10 MHz 12.5 MHz 
, 270354-8 


External Clock Source 


270354-26 


External Clock Source 


External Clock Source 
80C186 80C186 


(8f) 


270354-27 (DO NOT USE) 


270354-—28 


Figure 8. 80C 186 Oscillator Configurations (see text) 


22-69 


This input must satisfy set-up and hold times to guar- 
antee proper operation of the circuit. 


In addition, the 80C186, as part of the integrated 
chip-select logic, has the capability to program WAIT 
states for memory and peripheral blocks. This is dis- 
cussed in the Chip Select/Ready Logic description. 


RESET Logic 


The 80C186 provides both a RES input pin and a 
synchronized RESET pin for use with other system 
components. The RES input pin on the 80C186 is 
provided with hysteresis in order to facilitate power- 
on Reset generation via an RC network. RESET is 
guaranteed to remain active for at least five clocks 
given a RES input of at least six clocks. RESET may 
be delayed up to two and one-half clocks behind 
RES. 


Multiple 80C186 processors may be synchronized 
through the RES input pin, since this input resets 
both the processor and divide-by-two internal coun- 
ter in the clock generator. In order to insure that the 
divide-by-two counters all begin counting at the 
same time, the active going edge of RES must satis- 
fy a 25 ns setup time before the falling edge of the 
80C186 clock input. In addition, in order to insure 
that all CPUs begin executing in the same clock cy- 
cle, the reset must satisfy a 15 ns setup time before 
the rising edge of the CLKOUT signal of all the proc- 
essors. 


LOCAL BUS CONTROLLER 


The 80C186 provides a local bus controller to gener- 
ate the local bus control signals. In addition, it em- 
ploys a HOLD/HLDA protocol for relinquishing the 
local bus to other bus masters. It also provides con- 
trol lines that can be used to enable external buffers 
and to direct the flow of data on and off the local 
bus. 


Memory/Peripheral Control 


The 80C186 provides ALE, RD, and WR bus control 
signals. The RD and WR signals are used to strobe 
data from memory to the 80C186 or to strobe data 
from the 80C186 to memory. The ALE line provides 
a strobe to address latches for the multiplexed ad- 
dress/data bus. The 80C186 local bus controller 
does not provide a memory/I/O signal. If this is re- 
quired, the user will have to use the S2 signal (which 
will require external latching), make the memory and 
1/O spaces nonoverlapping, or use only the integrat- 
ed chip-select circuitry. 
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Transceiver Control 


The 80C186 generates two control signals to be 
connected to external transceiver chips. This capa- 
bility allows the addition of transceivers for extra 
buffering without adding external logic. These con- 
trol lines, DT/R and DEN, are generated to control 
the flow of data through the transceivers. The opera- 
tion of these signals is shown in Table 6. 


Table 6. Transceiver Control Signals Description 


[PinName | Function 


DEN (Data Enable) Enables the output 
drivers of the 
transceivers. It is active 
LOW during memory, 
I/O, or INTA cycles. 
Determines the direction 
of travel through the 
transceivers. A HIGH 
level directs data away 
from the processor 
during write operations, 
while a LOW level directs 
data toward the 
processor during a read 
operation. 


DT/R (Data Transmit/ 
Receive) 


Local Bus Arbitration 


The 80C186 uses a HOLD/HLDA system of local 
bus exchange. This provides an asynchronous bus 
exchange mechanism. This means multiple masters 
utilizing the same bus can operate at separate clock 
frequencies. The 80C186 provides a single HOLD/ 
HLDA pair through which all other bus masters may 
gain control of the local bus. This requires external 
circuitry to arbitrate which external device will gain 
control of the bus from the 80C186 when there is 
more than one alternate local bus master. When the 
80C186 relinquishes control of the local bus, it floats 
DEN, RD, WR, S0-S2, LOCK, ADO-AD15, 
A16-A19, BHE, and DT/R to allow another master 
to drive these lines directly. 


The 80C186 HOLD latency time, i.e., the time be- 
tween HOLD request and HOLD acknowledge, is a 
function of the activity occurring in the processor 
when the HOLD request is received. A HOLD re- 
quest is the highest-priority activity request which 
the processor may receive: higher than instruction 
fetching or internal DMA cycles. However, if a DMA 
cycle is in progress, the 80C186 will complete the 
transfer before relinquishing the bus. This implies 
that if a HOLD request is received just as a DMA 
transfer begins, the HOLD latency time can be as 
great as 4 bus cycles. This will occur if a DMA word 
transfer operation is taking place from an odd aa- 
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dress to an odd address. This is a total of 16 clocks 
or more, if WAIT states are required. In addition, if 
locked transfers are performed, the HOLD latency 
time will be increased by the length of the locked 
transfer. 


Local Bus Controller and Reset 


Upon receipt of a RESET pulse from the RES input, 

the local bus controller will perform the following ac- 

tion: 

e Drive DEN, RD, and WR HIGH for one clock cy- 
cle, then float. 


Pac NOTE: 

RD is also provided with an internal pull-up device 
to prevent the processor from inadvertently enter- 
ing Queue Status mode during reset. 


e Drive SO-S2 to the passive state (all HIGH) and 
then float. 


@ Drive LOCK HIGH and then float. 

e Float ADO-15, A16-19, BHE, DT/R. 

e Drive ALE LOW (ALE is never floated). 
_ @ Drive HLDA LOW. 


INTERNAL PERIPHERAL INTERFACE 


All the 80C186 integrated peripherals are controlled 
via 16-bit registers contained within an internal 256- 
byte control block. This control block may be 
mapped into either memory or I/O space. Internal 
logic will recognize the address and respond to the 
bus cycle. During bus cycles to internal registers, the 
bus controller will signal the operation externally 
(i.e., the RD, WR, status, address, data, etc., lines 
will be driven as in anormal bus cycle), but Dy5_o, 
SRDY, and ARDY will be ignored. The base address 
of the control block must be on an even 256-byte 
boundary (i.e., the lower 8 bits of the base address 
are all zeros). All of the defined registers within this 
control block may be read or written by the 80C186 
CPU at any time. The location of any register con- 
tained within the 256-byte control block is deter- 
mined by the current base address of the control 
block. 3 


The control block base address is programmed via a 
16-bit relocation register contained within the control 
block at offset FEH from the base address of the 
control block (see Figure 9). It provides the upper 12 
bits of the base address of the control block. The 
control block is effectively an internal chip select 
range and must abide by all the rules concerning 
chip selects (the chip select circuitry is discussed 
later in this data sheet). Any access to the 256 bytes 
of the control block activates an internal chip select. 
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Other chip selects may overlap the control block 
only if they are programmed to zero wait states and 
ignore external ready. In addition, bit 12 of this regis- 
ter determines whether the control block will be 


-mapped into I/O or memory space. If this bit is 1, the 


control block will be located in memory space, 
whereas if the bit is 0, the control block will be locat- 
ed in I/O space. If the control register block is 
mapped into I/O space, the upper 4 bits of the base 
address must be programmed as 0 (since I/O ad- 
dresses are only 16 bits wide). 


In addition to providing relocation information for the 
control block, the relocation register contains bits 
which place the interrupt controller into slave mode, 
and cause the CPU to interrupt upon encountering 
ESC instructions. At RESET, the relocation register 
is set to 20FFH. This causes the control block to 
start at FFOOH in I/O space. An offset map of the 
256-byte control register block is shown in Figure 
10. 


The integrated 80C186 peripherals operate semi-au- 
tonomously from the CPU. Access to them for the 
most part is via software read/write of the control 
block. Most of these registers can be both read and 
written. A few dedicated lines, such as interrupts and 
DMA request provide real-time communication be- 
tween the CPU and peripherals as in a more con- 
ventional system utilizing discrete peripheral blocks. 
The overall interaction and function of the peripheral 
blocks has not substantially changed. 


CHIP-SELECT/READY GENERATION 
LOGIC 


The 80C186 contains logic which provides program- 
mable chip-select generation for both memories and 
peripherals. In addition, it can be programmed to 
provide READY (or WAIT state) generation. It can 
also povide latched address bits A1 and A2. The 
chip-select lines are active for all memory and I/O 
cycles in their programmed areas, whether they be 
generated by the CPU or by the integrated DMA unit. 


Memory Chip Selects 


The 80C186 provides 6 memory chip select outputs 
for 3 address areas; upper memory, lower memory, 
and midrange memory. One each is provided for up- 
per memory and lower memory, while four are pro- 
vided for midrange memory. 


The range for each chip select is user-programma- 
ble and can be set to 2K, 4K, 8K, 16K, 32K, 64K, 
128K (plus 1K and 256K for upper and lower chip 
selects). In addition, the beginning or base address 
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9 8 6 5 ~ 3 2 1 0 


15 14 
OFFSET: FEH | ET |SLAVE/MASTER| X |M/IO Relocation Address Bits R19-R8 


ET = ESC Trap / No ESC Trap (1/0) 


M/IO = Register block located in Memory / |/O Space (1/0) 
SLAVE/ MASTER = Configures interrupt controller for Slave/Master Mode (1/0) 


Figure 9. Relocation Register 


OFFSET 


Relocation Register FEH 


DMA Descriptors Channel 1 
DMA Descriptors Channel 0 


Chip-Select Control Registers 


Time 2 Control Registers 
Time 1 Control Registers 
Time 0 Control Registers 


Interrupt Controller Registers 


Figure 10. Internal Register Map 


of the midrange memory chip select may also be 
selected. Only one chip select may be programmed 
to be active for any memory location at a time. All 
chip select sizes are in bytes, whereas 80C186 
memory is arranged in words. This means that if, for 
example, 16 64K x 1 memories are used, the memo- 
ry block size will be 128K, not 64K. 


Upper Memory CS 


The 80C186 provides a chip select, called UCS, for 
the top of memory. The top of memory is usually 
used as the system memory because after reset the 
80C186 begins executing at memory location 
FFFFOH. 


The upper limit of memory defined by this chip select 
is always FFFFFH, while the lower limit is program- 
mable. By programming the lower limit, the size of 
the select block is also defined. Table 7 shows the 
relationship between the base address selected and 
the size of the memory block obtained. 


Table 7. UMCS Programming Values 


Starting 
Address 
(Base 
Address) 


UMCS Value 
(Assuming 
RO=R1=R2=0) 


The lower limit of this memory block is defined in the 
UMCS register (see Figure 11). This register is at 
offset AOH in the internal control block. The legal 
values for bits 6-13 and the resulting starting ad- 
dress and memory block sizes are given in Table 7. 
Any combination of bits 6-13 not shown in Table 7 
will result in undefined operation. After reset, the 
UMCS register is programmed for a 1K area. It must 
be reprogrammed if a larger upper memory area is 
desired. 


Any internally generated 20-bit address whose up- 
per 16 bits are greater than or equal to UMCS (with 
bits O-—5 “0O’’) will cause UCS to be activated. UMCS 
bits R2-—R0 are used to specify READY mode for the 
area of memory defined by this chip-select register, 
as explained below. 


Lower Memory CS 


The 80C186 provides a chip select for low memory 
called LCS. The bottom of memory contains the in- 
terrupt vector table, starting at location OOOOOH. 
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The lower limit of memory defined by this chip select 
is always OH, while the upper limit is programmable. 
By programming the upper limit, the size of the 
memory block is also defined. Table 8 shows the 
relationship between the upper address selected 
and the size of the memory block obtained. 


Table 8. LMCS Programming Values 


LMCS Value 
(Assuming 
RO=R1=R2=0) 


Upper 
Address 


003FFH 
007FFH 
OOFFFH 


01FFFH 
O3FFFH 
07FFFH 
OFFFFH 
1FFFFH 
3FFFFH 


The upper limit of this memory block is defined in the 
LMCS register (see Figure 12). This register is at 
offset A2H in the internal control block. The legal 
values for bits 6-15 and the resulting upper address 
and memory block sizes are given in Table 8. Any 
combination of bits 6-15 not shown in Table 8 will 
result in undefined operation. After reset, the LMCS 
register value is undefined. However, the LCS chip- 
select line will not become active until the LMCS 
register is accessed. 


Any internally generated 20-bit address whose up- 
per 16 bits are less than or equal to LMCS (with bits 
0-5 ‘‘1”) will cause LCS to be active. LMCS register 
bits R2-R0 are used to specify the READY mode for 
the area of memory defined by this chip-select regis- 
ter. 


Mid-Range Memory CS 


The 80C186 provides four MCS lines which are ac- 
tive within a user-locatable memory block. This 
block can be located within the 80C186 1M byte 
memory address space exclusive of the areas de- 
fined by UCS and LCS. Both the base ad- 
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dress and size of this memory block are programma- 
ble. 


The size of the memory block defined by the mid- 
range select lines, as shown in Table 9, is deter- 
mined by bits 8-14 of the MPCS register (see Figure 
13). This register is at location A8H in the internal 
control block. One and only one of bits 8-14 must 
be set at a time. Unpredictable operation of the MCS 
lines will otherwise occur. Each of the four chip-se- 
lect lines is active for one of the four equal contigu- 
Ous divisions of the mid-range block. Thus, if the to- 
tal block size is 32K, each chip select is active for 8K 
of memory with MCSO being active for the first range 
and MCS3 being active for the last range. 


The EX and MS in MPCS relate to peripheral func- 
tionally as described in a later section. 


Table 9. MPCS Programming Values 


Total Block Individual MPCS Bits 
Size Select Size 14-8 


0000001B 
0000010B 
0000100B 
0001000B 
0010000B 
0100000B 
1000000B 


The base address of the mid-range memory block is 
defined by bits 15-9 of the MMCS register (see Fig- 
ure 14). This register is at offset A6H in the internal 


control block. These bits correspond to bits 
A19-A13 of the 20-bit memory address. Bits 
A12-A0 of the base address are always 0. The base 
address may be set at any integer multiple of the 
size of the total memory block selected. For exam- 
ple, if the mid-range block size is 32K (or the size of 
the block for which each MCS line is active is 8k), 
the block could be located at 10000H or 18000H, 
but not at 14000H, since the first few integer multi- 
ples of a 32K memory block are OH, 8000H, 
10000H, 18000H, etc. After reset, the contents of 
both of these registers is undefined. However, none 
of the MCS lines will be active until both the MMCS 
and MPCS registers are accessed. 
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Figure 11. UMCS Register 
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Figure 14. MMCS Register 


MMCS bits R2-—RO specify READY mode of opera- 
tion for all mid-range chip selects. All devices in mid- 
range memory must use the same number of WAIT 
states. 


The 512K block size for the mid-range memory chip 
selects is a special case. When using 512K, the 
base address would have to be at either locations 
OOOOOH or 80000H. If it were to be programmed at 
OO000H when the LCS line was programmed, there 
would be an internal conflict between the LCS ready 
generation logic and the MCS ready generation log- 
ic. Likewise, if the base address were programmed 
at 80000H, there would be a conflict with the UCS 
ready generation logic. Since the LCS chip-select 
line does not become active until programmed, while 
the UCS line is active at reset, the memory base can 
be set only at OOOOOH. If this base address is select- 
ed, however, the LCS range must not be pro- 
grammed. 


Peripheral Chip Selects 


The 80C186 can generate chip selects for up to sev- 
en peripheral devices. These chip selects are active 
for seven contiguous blocks of 128 bytes above a 
programmable base address. This base address 
may be located in either memory or I/O space. 


Seven CS lines called PCSO-6 are generated by the 
80C186. The base address is user-programmable; 


however it can only be a multiple of 1K bytes, i-e., 
the least significant 10 bits of the starting address 
are always 0. 


PCS5 and PCS6 can also be programmed to provide 


latched address bits A1, A2. If so programmed, they 
cannot be used as peripheral selects. These outputs 
can be connected directly to the AO, Ai pins used 
for selecting internal registers of 8-bit peripheral 
chips. This scheme simplifies the hardware interface 
because the 8-bit registers of peripherals are simply 
treated as 16-bit registers located on even bounda- 
ries in |1/O space or memory space where only the 
lower 8-bits of the register are significant: the upper 
8-bits are “don’t cares.” 


The starting address of the peripheral chip-select 
block is defined by the PACS register (see Figure 
15). This register is located at offset A4H in the inter- 
nal control block. Bits 15-6 of this register corre- 
spond to bits 19-10 of the 20-bit Programmable 
Base Address (PBA) of the peripheral chip-select 
block. Bits 9-0 of the PBA of the peripheral chip-se- 
lect block are all zeros. If the chip-select block is 
located in I/O space, bits 12-15 must be pro- 
grammed zero, since the I/O address is only 16 bits 
wide. Table 10 shows the address range of each 
peripheral chip select with respect to the PBA con- 
tained in PACS register. 


15 
OFFSET: A4H{.U | U | UftuUtutuUluUtuUtuUs Ul + [4 ]-1 | Re-J-At 


Figure 15. PACS Register 


22-74 


** af 4 - 
. as a4 r= ee ee — a 
nachatoei spats ex bata naaultremerssgs le 
: me < bie ied a ise oe ‘ 
& ay es ; 


. as 


The user should program bits 15-6 to correspond to 
the desired peripheral base location. PACS bits 0-2 
are used to specify READY mode for PCSO-PCS3. 


Table 10. PCS Address Ranges 


PCS Line Active between Locations 


PBA —PBA+ 127 
_PBA+ 128—PBA + 255 
PBA + 256—PBA + 383 


PBA + 384—PBA + 511 
PBA + 512—PBA + 639 
PBA +640—PBA + 767 
PBA + 768—PBA + 895 


The mode of operation of the peripheral chip selects 
is defined by the MPCS register (which is also used 
to set the size of the mid-range memory chip-select 
block, see Figure 13). This register is located at off- 
set A8H in the internal control block. Bit 7 is used to 
select the function of PCS5 and PCS6, while bit 6 is 
used to select whether the peripheral chip selects 
are mapped into memory or I/O space. Table 11 
describes the programming of these bits. After reset, 
the contents of both the MPCS and the PACS regis- 
ters are undefined, however none of the PCS lines 
will be active until both of the MPCS and PACS reg- 
isters are accessed. 


Table 11. MS, EX Programming Values 


Bit | Description 


MS | 1 = Peripherals mapped into memory space. 
0 = Peripherals mapped into I/O space. 
EX | 0 = 5PCS lines. A1, A2 provided. 

1 = 7 PCS lines. A1, A2 are not provided. 


MPCS bits 0-2 are used to specify READY mode for 
PCS4-PCS6 as outlined below. 


READY Generation Logic 


The 80C186 can generate a “READY” signal inter- 
nally for each of the memory or peripheral CS lines. 
The number of WAIT states to be inserted for each 
peripheral or memory is programmable to provide 
0-3 wait states for all accesses to the area for 
which the chip select is active. In addition, the 
80C186 may be programmed to either ignore exter- 
nal READY for each chip-select range individually or 
to factor external READY with the integrated ready 
generator. 


READY control consists of 3 bits for each CS line or 
group of lines generated by the 80C186. The inter- 
pretation of the ready bits is shown in Table 12. 
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Table 12. READY Bits Programming 


0 wait states, external RDY 

also used. 

1 wait state inserted, external RDY 
also used. 

2 wait states inserted, external RDY 
also used. 

3-wait states inserted, external RDY 


also used. 

0 wait states, external RDY 

ignored. 

1 wait state inserted, external RDY 
ignored. 

2 wait states inserted, external RDY 
ignored. 

3 wait states inserted, external RDY 
ignored. 


The internal ready generator operates in parallel 
with external READY, not in series if the external 
READY is used (R2 = 0). This means, for example, 
if the internal generator is set to insert two wait 
states, but activity on the external READY lines will 
insert four wait states, the processor will only insert 
four wait states, not six. This is because the two wait 
states generated by the internal generator over- 
lapped the first two wait states generated by the ex- 
ternal ready signal. Note that the external ARDY and 
SRDY lines are always ignored during cycles ac- 
cessing internal peripherals. 


R2-R0 of each control word specifies the READY 
mode for the corresponding block, with the excep- 
tion of the peripheral chip selects: R2-RO of PACS 
set the PCSO-3 READY mode, R2-R0 of MPCS set 
the PCS4-6 READY mode. 


Chip Select/Ready Logic and Reset 


Upon reset, the Chip-Select/Ready Logic will per- 
form the following actions: 


e All chip-select outputs will be driven HIGH. 


e Upon leaving RESET, the UCS line will be pro- 
grammed to provide chip selects to a 1K block 
with the accompanying READY control bits set at 
011 to allow the maximum number of internal wait 
states in conjunction with external Ready consid- 
eration (i.e., UMCS resets to FFFBH). 


e No other chip select or READY control registers 
have any predefined values after RESET. They 
will not become active until the CPU accesses 
their control registers. Both the PACS and MPCS 
registers must be accessed before the PCS lines 
will become active. 
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DMA CHANNELS 


The 80C186 DMA controller provides two indepen- 
dent high-speed DMA channels. Data transfers can 
occur between memory and I/O spaces (e.g., Mem- 
ory to I/O) or within the same space (e.g., Memory 
to Memory or |/O to I/O). Data can be transferred 
either in bytes (8 bits) or in words (16 bits) to or from 
even or odd addresses. Each DMA channel main- 
tains both a 20-bit source and destination pointer 
which can be optionally incremented or decrement- 
ed after each data transfer (by one or two depending 
on byte or word transfers). Each data transfer con- 
sumes 2 bus cycles (a minimum of 8 clocks), one 
cycle to fetch data and the other to store data. 


DMA Operation 


Each channel has six registers in the control block 
which define each channel’s specific operation. The 
control registers consist of a 20-bit Source pointer (2 


words), a 20-bit destination pointer (2 words), a 16- 
bit Transfer Counter, and a 16-bit Control Word. The 
format of the DMA Control Blocks is shown in Table 
13. The Transfer Count Register (TC) specifies the 
number of DMA transfers to be performed. Up to 
64K byte or word transfers can be performed with 
automatic termination. The Control Word defines the 
channel’s operation (see Figure 17). All registers 
may be modified or altered during any DMA activity. 
Any changes made to these registers will be reflect- 
ed immediately in DMA operation. 


Table 13. DMA Control Block Format 


Register Name Register Address 


Control Word 

Transfer Count 

Destination Pointer (upper 4 
bits) 

Destination Pointer 

Source Pointer (upper 4 bits) 

Source Pointer 


20 BIT ADDER/SUBTRACTOR ADDER CONTROL 
LOGIC TIMER REQUEST 


TRANSFER COUNTER CH. 1 
DEST. ADRS. POINTER CH. 1 


SRC. ADRS. POINTER CH. 1 
TRANSFER COUNTER CH. 0 


DEST. ADRS. POINTER CH. 0 
SRC. ADRS. POINTER CH. 0 


INTERNAL ADDRESS/DATA BUS 


DRQ1 pee 


REQUEST 
SELECTION 


Logic |PRQo ® 


INTERRUPT 
REQUEST 


CHANNEL CONTROL WORD 1 
CHANNEL CONTROL WORD 0 


. 
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Figure 16. DMA Unit Block Diagram 
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Figure 17. DMA Control Register 


DMA Channel Control Word Register 


Each DMA Channel Control Word determines the 
mode of operation for the particular 80C186 DMA 
channel. This register specifies: 


e the mode of synchronization; 
e whether bytes or words will be transferred; 


e whether interrupts will be generated after the last 
transfer; 


e whether DMA activity will cease after a pro- 
grammed number of DMA cycles; 


e the relative priority of the DMA channel with re- 
spect to the other DMA channel; 


e whether the source pointer will be incremented, 
decremented, or maintained constant after each 
transfer; 


e whether the source pointer addresses memory or 
I/O space; 


e whether the destination pointer will be increment- 
ed, decremented, or maintained constant after 
each transfer; and 


e whether the destination pointer will address 
memory or I/O space. 


The DMA channel control registers may be changed 
while the channel is operating. However, any chang- 
es made during operation will affect the current DMA 
transfer. 


DMA Control Word Bit Descriptions 


B/W: Byte/Word (0/1) Transfers. 
ST/STOP: Start/stop (1/0) Channel. 


CHG/NOCHG: Change/Do not change (1/0) 
ST/STOP bit. If this bit is set when 
writing to the control word, the 
ST/STOP bit will be programmed 
by the write to the control word. If 
this bit is cleared when writing the 
control word, the ST/STOP bit will 
not be altered. This bit is not 
stored; it will always be a 0 on 
read. 


Enable Interrupts to CPU on 
Transfer Count termination. 


TC: If set, DMA will terminate when 
the contents of the Transfer Count 


INT: 


register reach zero. The ST/STOP 
bit will also be reset at this point if 
TC is set. If this bit is cleared, the 
DMA unit will decrement the trans- 
fer count register for each DMA 
cycle, but the DMA transfer will 
not stop when the contents of the 
TC register reach zero. 


00 No synchronization. 

NOTE: 
When unsynchronized transfers 
are specified, the TC bit will be ig- 
nored and the ST bit will be 
cleared upon the transfer count 
reaching zero, stopping the chan- 
nel. 
01 Source synchronization. 
10 Destination synchronization. 
11 Unused. 
Increment source pointer by 1 or 2 


(depends on B/W) after each 
transfer. 


M/IO Source pointer is in M/IO space 
(1/0). 


DEC Decrement source pointer by 1 or 
2 (depends on B/W) after each 
transfer. 


INC Increment destination pointer by 1 
or 2 (B/W) after each transfer. 


M/IO Destination pointer is in M/IO 
space (1/0). 


DEC Decrement destination pointer by 
1 or 2 (depending on B/W) after 
each transfer. 


r Channel priority—relative to other 
channel. 


0 low priority. 

1 high priority. 

Channels will alternate cycles if 
both set at same priority level. 


0: Disable DMA requests from tim- 
er 2. 


1: Enable DMA requests from tim- 
er 2. 


Bit 3 is not used. 


SYN 


(2 bits) 


SOURCE:INC 


DEST: 


TDRQ 


Bit 3 
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intel 80C 186 
If both INC and DEC are specified for the same DMA Requests 


pointer, the pointer will remain constant after each 
cycle. 


DMA Destination and Source Pointer 
Registers 


Each DMA channel maintains a 20-bit source and a 
20-bit destination pointer. Each of these pointers 
takes up two full 16-bit registers in the peripherai 
control block. The lower four bits of the upper regis- 
ter contain the upper four bits of the 20-bit physical 
address (see Figure 18). These pointers may be indi- 
vidually incremented or decremented after each 
transfer. If word transfers are performed the pointer 
is incremented or decremented by two. Each pointer 
may point into either memory or I/O space. Since 
the DMA channels can perform transfers to or from 
odd addresses, there is no restriction on values for 
the pointer registers. Higher transfer rates can be 
obtained if all word transfers are performed to even 
addresses, since this will allow data to be accessed 
in a single memory access. 


DMA Transfer Count Register 


Each DMA channel maintains a 16-bit transfer count 
register (TC). This register is decremented after ev- 
ery DMA cycle, regardless of the state of the TC bit 
in the DMA Control Register. If the TC bit in the DMA 
control word is set or if unsynchronized transfers are 
programmed, however, DMA activity will terminate 
when the transfer count register reaches zero. 


HIGHER 
REGISTER 
ADDRESS 


LOWER 
REGISTER 
ADDRESS 


XXX = DON’T CARE 


Data transfers may be either source or destination 
synchronized, that is either the source of the data or 
the destination of the data may request the data 
transfer. In addition, DMA transfers may be unsyn- 
chronized; that is, the transfer will take place contin- 
ually until the correct number of transfers has oc- 
curred. When source or unsynchronized transfers 
are performed, the DMA channel may begin another 
transfer immediately after the end of a previous 
DMA transfer. This allows a complete transfer to 
take place every 2 bus cycles or eight clock cycles 
(assuming no wait states). No prefetching occurs 
when destination synchronization is performed, how- 
ever. Data will not be fetched from the source ad- 
dress until the destination device signals that it is 
ready to receive it. When destination synchronized 
transfers are requested, the DMA controller will re- 
linquish control of the bus after every transfer. If no 
other bus activity is initiated, another DMA cycle will 
begin after two processor clocks. This is done to 
allow the destination device time to remove its re- 
quest if another transfer is not desired. Since the 
DMA controller will relinquish the bus, the CPU can 
initiate a bus cycle. As a result, a complete bus cycle 
will often be inserted between destination synchro- 
nized transfers. These lead to the maximum DMA 
transfer rates shown in Table 14. 


Table 14. Maximum DMA 
Transfer Rates at 16 MHz 


Type of 
Synchronization 
Selected 


CPU Halted 


CPU Running 


Unsynchronized 
Source Synch 
Destination Synch 


4.0MBytes/sec | 4.0MBytes/sec 
4.0MBytes/sec | 4.0MBytes/sec 
2.7MBytes/sec | 3.2MBytes/sec 


A15-A12 A11-A8 A7-A4 A3-A0 
15 0 ’ 


Figure 18. DMA Memory Pointer Register Format 
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DMA Acknowledge 


No explicit DMA acknowledge pulse is provided. 
Since both source and destination pointers are 
maintained, a read from. a requesting source, or a 
write to a requesting destination, should be used as 
the DMA acknowledge signal. Since the chip-select 
lines can be programmed to be active for a given 
block of memory or I/O space, and the DMA point- 
ers can be programmed to point to the same given 
block, a chip-select line could be used to indicate a 
DMA acknowledge. 


DMA Priority 


The DMA channels may be programmed such that 
one channel is always given priority over the other, 
or they may be programmed such as to alternate 
cycles when both have DMA requests pending. DMA 
cycles always have priority over internal CPU cycles 
except between locked memory accesses or word 
accesses to odd memory locations; however, an ex- 
ternal bus hold takes priority over an internal DMA 
cycle. Because an interrupt request cannot suspend 
a DMA operation and the CPU cannot access mem- 
ory during a DMA cycle, interrupt latency time will 
suffer during sequences of continuous DMA cycles. 
An NMI request, however, will cause all internal 
DMA activity to halt. This allows the CPU to quickly 
respond to the NMI request. 


DMA Programming 


DMA cycles will occur whenever the ST/STOP bit of 
the Control Register is set. If synchronized transfers 


80C186 
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are programmed, a DRQ must also have been gen- 
erated. Therefore the source and destination trans- 
fer pointers, and the transfer count register (if used) 
must be programmed before this bit is set. 


Each DMA register may be modified while the chan- 
nel is operating. If the CHG/NOCHG bit is cleared 
when the control register is written, the ST/STOP bit 
of the control register will not be modified by the 
write. If multiple channel registers are modified, it is 
recommended that a LOCKED string transfer be 
used to prevent a DMA transfer from occurring be- 
tween updates to the channel registers. 


DMA Channels and Reset 


Upon RESET, the DMA channels will perform the 
following actions: 


e The Start/Stop bit for each channel will be reset 
to STOP. 


e Any transfer in progress is aborted. 


TIMERS 


The 80C186 provides three internal 16-bit program- 
mable timers (see Figure 19). Two of these are high- 
ly flexible and are connected to four external pins (2 
per timer). They can be used to count external 
events, time external events, generate nonrepetitive 
waveforms, etc. The third timer is not connected to 
any external pins, and is useful for real-time coding 
and time delay applications. In addition, this third 
timer can be used as a prescaler to the other two, or 
as a DMA request source. 


INTERNAL ADDRESS/DATA BUS 


ALL 16 BIT REGISTERS 


270354-10 


Figure 19. Timer Block Diagram 
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Timer Operation 


The timers are controlled by 11 16-bit registers in 
the internal peripheral control block. The configura- 
tion of these registers is shown in Table 15. The 
count register contains the current value of the tim- 
er. It can be read or written at any time independent 
of whether the timer is running or not. The value of 
this register will be incremented for each timer 
event. Each of the timers is equipped with a MAX 
COUNT register, which defines the maximum count 
the timer will reach. After reaching the MAX COUNT 
register value, the timer count value will reset to zero 
during that same clock, i.e., the maximum count val- 
ue is never stored in the count register itself. Timers 
0 and 1 are, in addition, equipped with a second 
MAX COUNT register, which enables the timers to 
alternate their count between two different MAX 
COUNT values programmed by the user. If a single 
MAX COUNT register is used, the timer output pin 
will switch LOW for a single clock, 1 clock after the 
maximum count value has been reached. In the dual 
MAX COUNT register mode, the output pin will indi- 
cate which MAX COUNT register is currently in use, 
thus allowing nearly complete freedom in selecting 
waveform duty cycles. For the timers with two MAX 
COUNT registers, the RIU bit in the control register 
determines which is used for the comparison. 


Each timer gets serviced every fourth CPU-clock cy- 
cle, and thus can operate at speeds up to one-quar- 
ter the internal clock frequency (one-eighth the crys- 
tal rate). External clocking of the timers may be done 
at up to a rate of one-quarter of the internal CPU- 
clock rate. Due to internal synchronization and pipe- 
lining of the timer circuitry, a timer output may take 
up to 6 clocks to respond to any individual clock or 
gate input. 


15 


Since the count registers and the maximum count 
registers are all 16 bits wide, 16 bits of resolution are 
provided. Any Read or Write access to the timers will 
add one wait state to the minimum four-clock bus 
cycle, however. This is needed to synchronize and 
coordinate the internal data flows between the inter- 
nal timers and the internal bus. 


The timers have several programmable options. 


e All three timers can be set to halt or continue on 
a terminal count. 


e Timers 0 and 1 can select between internal and 
external clocks, alternate between MAX COUNT 


registers and be set to retrigger on external | 


events. 


e The timers may be programmed to cause an in- 
terrupt on terminal count. | 


These options are selectable via the timer mode/ 
control word. 


Timer Mode/Control Register 


The mode/control register (see Figure 20) allows 
the user to program the specific mode of operation 
or check the current programmed status for any of 
the three integrated timers. 


Table 15. Timer Control Block Format 


mr.2 | 
66H 
not present 


62H 
60H 


Register Name 


Mode/Control Word 
Max Count B 

Max Count A 

Count Register 


14 13 12 11 5 “ 3 2 1 0 
PEN} INA [ie PR] ofa |e | ATG |pgeP_i | ExT} ALT [CONT 


Figure 20. Timer Mode/Control Register 
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ALT: 


The ALT bit determines which of two MAX COUNT 
registers is used for count comparison. If ALT = 0, 
register A for that timer is always used, while if ALT 
= 1, the comparison will alternate between register 
A and register B when each maximum count is 
reached. This alternation allows the user to change 
one MAX COUNT register while the other is being 
used, and thus provides a method of generating 
non-repetitive waveforms. Square waves and pulse 
outputs of any duty cycle are a subset of available 
signals obtained by not changing the final count reg- 
isters. The ALT bit also determines the function of 
the timer output pin. If ALT is zero, the output pin will 
go LOW for one clock, the clock after the maximum 
count is reached. If ALT is one, the output pin will 
reflect the current MAX COUNT register being used 
(0/1 for B/A). : 


CONT: 


Setting the CONT bit causes the associated timer to 
run continuously, while resetting it causes the timer 
to halt upon maximum count. If COUNT = 0 and 
ALT = 1, the timer will count to the MAX COUNT 
register A value, reset, count to the register B value, 
reset, and halt. | 


EXT: 


The external bit selects between internal and exter- 
nal clocking for the timer. The external signal may 
be asynchronous with respect to the 80C186 clock. 
If this bit is set, the timer will count LOW-to-HIGH 
transitions on the input pin. If cleared, it will count an 
internal clock while using the input pin for control. In 
this mode, the function of the external pin is defined 
by the RTG bit. The maximum input to output tran- 
sition latency time may be as much as 6 clocks. 
However, clock inputs may be pipelined as closely 
together as every 4 clocks without losing clock puls- 
es. 


P: 


The prescaler bit is ignored unless internal clocking 
has been selected (EXT = 0). If the P bit is a zero, 
the timer will count at one-fourth the internal CPU 
clock rate. If the P bit is a one, the output of timer 2 
will be used as a clock for the timer. Note that the 
user must initialize and start timer 2 to obtain the 
prescaled clock. 


RTG: 
Retrigger bit is only active for internal clocking (EXT 


= 0). In this case it determines the control function 
provided by the input pin. 


80C 186 


- _* to = 
4 a 


lf RTG = 0, the input level gates the internal clock 
on and off. If the input pin is HIGH, the timer will 
count; if the input pin is LOW, the timer will hold its 
value. As indicated previously, the input signal may 
be asynchronous with respect to the 80C186 clock. 


When RTG = 1, the input pin detects LOW-to-HIGH 
transitions. The first such transition starts the timer 
running, clearing the timer value to zero on the first 
clock, and then incrementing thereafter. Further 
transitions on the input pin will again reset the timer 
to zero, from which it will start counting up again. If 
CONT = 0, when the timer has reached maximum 
count, the EN bit will be cleared, inhibiting further 
timer activity. 


EN: 


The enable bit provides programmer control over 
the timer’s RUN/HALT status. When set, the timer is 
enabled to increment subject to the input pin con- 
straints in the internal clock mode (discussed previ- 
ously). When cleared, the timer will be inhibited from 
counting. All input pin transistions during the time EN 
is zero will be ignored. If CONT is zero, the EN bit is 
automatically cleared upon maximum count. 


INH: 


The inhibit bit allows for selective updating of the 
enable (EN) bit. If INH is a one during the write to the 
mode/control word, then the state of the EN bit will 
be modified by the write. If INH is a zero during the 
write, the EN bit will be unaffected by the operation. 
This bit is not stored; it will always be a 0 on a read. 


INT: 


When set, the INT bit enables interrupts from the 
timer, which will be generated on every terminal 
count. If the timer is configured in dual MAX COUNT 
register mode, an interrupt will be generated each 
time the value in MAX COUNT register A is reached, 
and each time the value in MAX COUNT register B is 
reached. If this enable bit is cleared after the inter- 
rupt request has been generated, but before a pend- 
ing interrupt is serviced, the interrupt request will still 
be in force. (The request is latched in the Interrupt 
Controller). 


MC: 


The Maximum Count bit is set whenever the timer 
reaches its final maximum count value. If the timer is 
configured in dual MAX COUNT register mode, this 
bit will be set each time the value in MAX COUNT 
register A is reached, and each time the value in — 
MAX COUNT register B is reached. This bit is set 
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regardiess of the timer’s interrupt-enable bit. The 
MC bit gives the user the ability to monitor timer 
status through software instead of through inter- 
rupts. 


Programmer intervention is required to clear this bit. 


RIU: 


The Register In Use bit indicates which MAX 
COUNT register is currently being used for compari- 
son to the timer count value. A zero value indicates 
register A. The RIU bit cannot be written, i.e., its 
value is not affected when the control register is writ- 
ten. It is always cleared when the ALT bit is zero. 


Not all mode bits are provided for timer 2. Certain 
bits are hardwired as indicated below: 


ALT = 0, EXT = 0,P: = 0, RTG = 0, RIV = 0 


Count Registers 


Each of the three timers has a 16-bit count register. 
The current contents of this register may be read or 
written by the processor at any time. If the register is 
written into while the timer is counting,the new value 
will take effect in the current count cycle. 


} 


Max Count Registers 


Timers 0 and 1 have two MAX COUNT registers, 
while timer 2 has a single MAX COUNT register. 
These contain the number of events the timer will 
count. In timers 0 and 1, the MAX COUNT register 
used can alternate between the two max count val- 
ues whenever the current maximum count is 
reached. The condition which causes a timer to re- 
set is equivalent between the current count value 
and the max count being used. This means that if 
the count is changed to be above the max count 
value, or if the max count value is changed to be 
below the current value, the timer will not reset to 
zero, but rather will count to its maximum value, 
“wrap around” to zero, then count until the max 
count is reached. 


Timers and Reset 


Upon RESET, the Timers will perform the following 
actions: 


e All EN (Enable) bits are reset preventing timer 
counting. 


e All SEL (Select) bits are reset to zero. This se- 
lects MAX COUNT register A, resulting in the 
Timer Out pins going HIGH upon RESET. 


INTERRUPT CONTROLLER 


The 800186 can receive interrupts from a number of 
sources, both internal and external. The internal in- 
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 


Internal: interrupt sources (Timers and DMA chan- 
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 
80C186 interrupt controller has its own control regis- 
ter that set the mode of operation for the controller. 


The interrupt controller will resolve priority among 
requests that are pending simultaneously. Nesting is 
provided so interrupt service routines for lower priori- 
ty interrupts may themselves be interrupted by high- 
er priority interrupts. A block diagram of the interrupt 
controller is shown in Figure 21. 


The 80C186 has a special slave mode in which the 
internal interrupt controller acts as a slave to an ex- 
ternal master. The controller is programmed into this 
mode by setting bit 14 in the peripheral control block 
relocation register. (See Slave Mode section.) 


MASTER MODE OPERATION 


interrupt Controller External Interface 


For external interrupt sources, five dedicated pins 
are provided. One of these pins is dedicated to NMI, 
non-maskable interrupt. This is typically used for 
power-fail interrupts, etc. The other four pins may 
function either as four interrupt input lines with inter- 
nally generated interrupt vectors, as an interrupt line 
and an interrupt acknowledge line (called the ‘‘cas- 
cade mode’’) along with two other input lines with 
internally generated interrupt vectors, or as two in- 
terrupt input lines and two dedicated interrupt ac- 
knowledge output lines. When the interrupt lines are 
configured in cascade mode, the 80C186 interrupt 
controller will not generate internal interrupt vectors. 


External sources in the cascade mode use external- 
ly generated interrupt vectors. When an interrupt is 
acknowledged, two INTA cycles are initiated and the 
vector is read into the 80C186 on the second cycle. 
The capability to interface to external 82C59A pro- 
grammable interrupt .controllers is thus provided 
when the inputs are configured in cascade mode. 
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interrupt Controller Modes of 
Operation 7 


The basic modes of operation of the interrupt con- 
troller in master mode are similar to the 82C59A. 
The interrupt controller responds indentically to in- 
ternal interrupts in all three modes: the difference is 
only in the interpretation of function of the four exter- 
nal interrupt pins. The interrupt controller is set into 
one of these three modes by programming the cor- 
rect bits in the INTO and INT1 control registers. The 
modes of interrupt controller operation are as fol- 
lows: 


Fully Nested Mode 


When in the fully nested mode four pins are used as 
direct interrupt requests as in Figure 22. The vectors 
for these four inputs are generated internally. An in- 
service bit is provided for every interrupt source. If a 
lower-priority device requests an interrupt while the 
in service bit (IS) is set, no interrupt will be generat- 
ed by the interrupt controller. In addition, if another 
interrupt request occurs from the same interrupt 
source while the in-service bit is set, no interrupt will 
be generated by the interrupt controller. This allows 
interrupt service routines to operate with interrupts 
enabled without being themselves interrupted by 
lower-priority interrupts. Since interrupts are en- 
abled, higher-priority interrupts will be serviced. 


When a service routine is completed, the proper IS 
bit must be reset by writing the proper pattern to the 
EOI register. This is required to allow subsequent 
interrupts from this interrupt source and to allow 
servicing of lower-priority interrupts. An EOI com- 


TIMER TIMER TIMER DMA DMA 
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mand is issued at the end of the service routine just 
before the issuance of the return from interrupt in- 
struction. If the fully nested structure has been up- 
held, the next highest-priority source with its |S bit 
set is then serviced. 


Cascade Mode 


The 80C186 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the 
four pins are used as direct interrupt inputs and the 
corresponding vectors are generated internally. In 
the cascade mode, the four pins are configured into 
interrupt input-dedicated acknowledge signal pairs. 
The interconnection is shown in Figure 23. INTO is 
an interrupt input interfaced to an 82C59A, while 
INT2/INTAO serves as the dedicated interrupt ac- 
knowledge signal to that peripheral. The same is 
true for INT1 and INT3/INTA1. Each pair can selec- 
tively be placed in the cascade or non-cascade 
mode by programming the proper value into INTO 
and INT1 control registers. The use of the dedicated 
acknowledge signals eliminates the need for the use 
of external logic to generate INTA and device select 
signals. 


The primary cascade mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 82C59As. 
Three levels of priority are created, requiring priority 
resolution in the 80C186 interrupt controller, the 
master 82C59As, and the slave 82C59As. If an ex- 
ternal interrupt is serviced, one IS bit is set at each 
of these levels. When the interrupt service routine is 
completed, up to three end-of-interrupt commands 
must be issued by the programmer. 


INTO INT1 INT2 INT3 NMI 


7 a 4 Nt] a 4 at] 


TIMER 
CONTROL REG. 


DMA 0 
CONTROL REG. 
CONTROL REG. 


EXT. INPUT 1 
CONTROL REG. 
EXT. INPUT 2 
CONTROL REG 
EXT. INPUT 3 
CONTROL REG. 
INTERRUPT 
REQUEST TO 


EXT. INPUT 0 masz 
CONTROL REG. 


INTERRUPT 
PRIORITY 
RESOLVER 


INTERRUPT 
REQUEST REG. 
INTERRUPT 
MASK REG. 


PRIOR. LEV. 
MASK REG. 
INTERRUPT 
STATUS REG. 


Figure 21. Interrupt Controller Block Diagram 
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Figure 22. Fully Nested (Direct) Mode Interrupt 
Controller Connections 


‘Special Fully Nested Mode 


This mode is entered by setting the SFNM bit in 
INTO or INT1 control register. It enables complete 
nestability with external 82C59A masters. Normally, 
an interrupt request from an interrupt source will not 
be recognized unless the in-service bit for that 
source is reset. If more than one interrupt source is 
connected to an external interrupt controller, all of 
the interrupts will be funneled through the same 
80C186 interrupt request pin. As a result, if the ex- 
ternal interrupt controller receives a higher-priority 
interrupt, its interrupt will not be recognized by the 
80C186 controller until the 80C186 in-service bit is 
reset. In special fully nested mode, the 80C186 in- 
terrupt controller will allow interrupts from an exter- 
nal pin regardless of the state of the in-service bit for 
an interrupt source in order to allow multiple inter- 
rupts from a single pin. An in-service bit will continue 
to be set, however, to inhibit interrupts from other 
lower-priority 800186 interrupt sources. 


Special procedures should be followed when reset- 
ting IS bits at the end of interrupt service routines. 
Software polling of the external master’s IS register 
is required to determine if there is more than one bit 
set. If so, the IS bit in the 80C186 remains active and 
the next interrupt service routine is entered. 


Operation in a Polled Environment 


The controller may be used in a polled mode if inter- 
rupts are undesirable. When polling, the processor 
disables interrupts and then polls the interrupt con- 
troller whenever it is convenient. Polling the interrupt 
controller is accomplished by reading the Poll Word 
(Figure 32). Bit 15 in the poll word indicates to the 
processor that an interrupt of high enough priority is 
requesting service. Bits 0-4 indicate to the proces- 
sor the type vector of the highest-priority source re- 
questing service. Reading the Poll Word causes the 
In-Service bit of the highest priority source to be set. 


It is desirable to be able to read the Poll Word infor- 
mation without guaranteeing service of any pending 


interrupt, i.e., not set the indicated in-service bit. The 
80C186 provides a Poll Status Word in addition to 
the conventional Poll Word to allow this to be done. 
Poll Word information is duplicated in the Poll Status 
Word, but reading the Poll Status Word does not set 
the associated in-service bit. These words are locat- 
ed in two adjacent memory locations in the register 
file. 


Master Mode Features 


Programmable Priority 


The user can program the interrupt sources into any 
of eight different priority levels. The programming is 
done by placing a 3-bit priority level (0-7) in the con- 
trol register of each interrupt source. (A source with 
a priority level of 4 has higher priority over all priority 
levels from 5 to 7. Priority registers containing values 
lower than 4 have greater priority). All interrupt 
sources have preprogrammed default priority levels 
(see Table 4). 


If two requests with the same programmed priority 
level are pending at once, the priority ordering 
scheme shown in Table 4 is used. If the serviced 
interrupt routine reenables interrupts, it allows other 
requests to be serviced. 


End-of-interrupt Command 


The end-of-interrupt (EOI) command is used by the 
programmer to reset the In-Service (IS) bit when an 
interrupt service routine is completed. The EOI com- 
mand is issued by writing the proper pattern to the 
EOI register. There are two types of EO! commands, 
specific and nonspecific. The nonspecific command 
does not specify which IS bit is reset. When issued, 
the interrupt controller automatically resets the |S bit 
of the highest priority source with an active service 


' routine. A specific EOI command requires that the 


programmer send the interrupt vector type to the in- 
terrupt controller indicating which source’s |S bit is 
to be reset. This command is used when the fully 
nested structure has been disturbed or the highest 
priority IS bit that was set does not belong to the 
service routine in progress. 


Trigger Mode 


The four external interrupt pins can be programmed 
in either edge- or level-trigger mode. The control 
register for each external source has a level-trigger 
mode (LTM) bit. All interrupt inputs are active HIGH. 
In the edge sense mode or the level-trigger mode, 
the interrupt request must remain active (HIGH) until 
the interrupt request is acknowledged by the 
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80C186 CPU. In the edge-sense mode, if the level 
remains high after the interrupt is acknowledged, the 
input is disabled and no further requests will be gen- 
erated. The input level must go LOW for at least one 
clock cycle to reenable the input. In the level-trigger 
mode, no such provision is made: holding the inter- 
rupt input HIGH will cause continuous interrupt re- 
quests. 


Interrupt Vectoring 


The 80C186 Interrupt Controller will generate inter- 
rupt vectors for the integrated DMA channels and 
the integrated Timers. In addition, the Interrupt Con- 
troller will generate interrupt vectors for the external 
interrupt lines if they are not configured in Cascade 
or Special Fully Nested Mode. The interrupt vectors 
generated are fixed and cannot be changed (see Ta- 
ble 4). 


interrupt Controller Registers 


The Interrupt Controller register model is shown in 
Figure 24. It contains 15 registers. All registers can 
both be read or written unless specified otherwise. 


In-Service Register 


This register can be read from or written into. The 
format is shown in Figure 25. It contains the In-Serv- 
ice bit for each of the interrupt sources. The In-Serv- 
ice bit is set to indicate that a source’s service rou- 
tine is in progress. When an In-Service bit is set, the 
interrupt controller will not generate interrupts to the 
CPU when it receives interrupt requests from devic- 
es with a lower programmed priority level. The TMR 
bit is the In-Service bit for all three timers; the DO 
and D1 bits are the In-Service bits for the two DMA 
channels; the 10-13 are the In-Service bits for the 
external interrupt pins. The IS bit is set when the 


800186 


processor acknowledges an interrupt request either 
by an interrupt acknowledge or by reading the poll 
register. The IS bit is reset at the end of the interrupt 
service routine by an end-of-interrupt command is- 
sued by the CPU. 


Interrupt Request Register 


The internal interrupt sources have interrupt request 
bits inside the interrupt controller. The format of this 
register is shown in Figure 25. A read from this regis- 
ter yields the status of these bits. The TMR bit is the 
logical OR of all timer interrupt requests. DO and D1 
are the interrupt request bits for the DMA channels. 


The state of the external interrupt input pins is also 
indicated. The state of the external interrupt pins is 
not a stored condition inside the interrupt controller, 
therefore the external interrupt bits cannot be writ- 
ten. The external interrupt request bits show exactly 
when an interrupt request is given to the interrupt 
controller, so if edge-triggered mode is selected, the 
bit in the register will be HIGH only after an inactive- 
to-active transition. For internal interrupt sources, 
the register bits are set when a request arrives and 
are reset when the processor acknowledges the re- 
quests. 


Writes to the interrupt request register will affect the 
DO and D1 interrupt request bits. Setting either bit 
will cause the corresponding interrupt request while 
clearing either bit will remove the corresponding in- 
terrupt request. All other bits in the register are read- 
only. 


Mask Register 


This is a 16-bit register that contains a mask bit for 
each interrupt source. The format for this register is 
shown in Figure 25. A one in a bit position corre- 


4——— INTERRUPT SOURCES 
cree e 


, 
+" INTERRUPT SOURCES 
270354-12 


Figure 23. Cascade and Special Fully Nested Mode Interrupt Controller Connections 
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sponding to a particular source serves to mask the 
source from generating interrupts. These mask bits 
are the exact same bits which are used in the indi- 
vidual control registers; programming a mask bit us- 
ing the mask register will also change this bit in the 
individual control registers, and vice versa. 


OFFSET 
3EH 


3CH 


3AH 
38H 
36H 
34H 
32H 
30H 
2EH 
2CH 
2AH 


28H 


Figure 24. Interrupt Controller Registers 
(Master Mode) 


Priority Mask Register 


This register is used to mask all interrupts below par- 
ticular interrupt priority levels. The format of this reg- 
ister is shown in Figure 26. The code in the lower 
three bits of this register inhibits interrupts of priority 
lower (a higher priority number) than the code speci- 
fied. For example, 100 written into this register 
masks interrupts of level five (101), six (110), and 
seven (111). The register is reset to seven (111) 
upon RESET so no interrupts are masked due to 
priority number. 


Interrupt Status Register 


This register contains general interrupt controller 
status information. The format of this register is 
shown in Figure 27. The bits in the status register 
have the following functions: 


DHLT: DMA Halt Transfer; setting this bit halts all 
DMA transfers. It is automatically set when- 
ever a non-maskable interrupt occurs, and it 
is reset when an IRET instruction is execut- 
ed. The purpose of this bit is to allow prompt 
service of all non-maskable interrupts. This 
bit may also be set by the programmer. 


IRTx: These three bits represent the individual tim- 
er interrupt request bits. These bits are used 
to differentiate the timer interrupts, since the 
timer IR bit in the interrupt request register is 
the “OR” function of all timer interrupt re- 
quest. Note that setting any one of these 
three bits initiates an interrupt request to the 
interrupt controller. 


Figure 26. Priority Mask Register Format 
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Figure 27. Interrupt Status Register Format (Master Mode) - 
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Timer, DMA 0, 1; Control Register 


These registers are the control words for all the in- 
ternal interrupt sources. The format for these regis- 
ters is shown in Figure 28. The three bit positions 
PRO, PR1, and PR2 represent the programmable pri- 
ority level of the interrupt source. The MSK bit inhib- 
its interrupt requests from the interrupt source. The 
MSK bits in the individual control registers are the 
exact same bits as are in the Mask Register; modify- 
ing them in the individual control registers will also 
modify them in the Mask Register, and vice versa. 


INTO-INT3 Control Registers 


These registers are the control words for the four 
external input pins. Figure 29 shows the format of 
the INTO and INT1 Control registers; Figure 30 
shows the format of the INT2 and INT3 Control reg- 
isters. In cascade mode or special fully nested 
mode, the control words for INT2 and INT3 are not 
used. 


The bits in the various control registers are encoded 
as follows: , 


PRO-2: Priority programming information. Highest 
Priority = 000, Lowest Priority = 111 


LTM: — Level-trigger mode bit. 1 = level-triggered; 
0 = edge-triggered. Interrupt Input levels 
are active high. In level-triggered mode, an 
interrupt is generated whenever the exter- 
nal line is high. In edge-triggered mode, an 
interrupt will be generated only when this 
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level is preceded by an inactive-to-active 
transition on the line. In both cases, the 
level must remain active until the interrupt 
is acknowledged. 


MSK: Mask bit, 1 = mask; 0 = non-mask. 


C: Cascade mode bit, 1 = cascade; 0 = di- 
rect — 


SFNM: Special fully nested mode bit, 1 = SFNM 


EO! Register 


The end of the interrupt register is a command regis- 
ter which can only be written into. The format of this 
register is shown in Figure 30. It initiates an EOI 
command when written to by the 80C186 CPU. 


The bits in the EOI register are encoded as follows: 


S,: -Encoded information that specifies an in- 
terrupt source vector type as shown in Ta- 
ble 4. For example, to reset the In-Service 
bit for DMA channel 0, these bits should be 
set to 01010, since the vector type for DMA 
channel 0 is 10. 


NOTE: 


To reset the single In-Service bit for any of 
the three timers, the vector type for timer 0 
(8) should be written in this register. 


NSPEC/: A bit that determines the type of EO! com- 
mand. Nonspecific = 1, Specific = 0. 
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Figure 28. Timer/DMA Control Registers Formats 
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Figure 29. INTO/INT1 Control Register Formats 
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Figure 30. INT2/INT3 Control Register Formats 
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Poll and Poll Status Registers 


These registers contain polling information. The for- 
mat of these registers is shown in Figure 32. They 
can only be read. Reading the Poll register consti- 
tutes a software poll. This will set the IS bit of the 
highest priority pending interrupt. Reading the poll 
status register will not set the IS bit of the highest 
priority pending interrupt; only the status of pending 
interrupts will be provided. 


Encoding of the Poll and Poll Status register bits are 
as follows: 


S,: ‘Encoded information that indicates the 
vector type of the highest priority inter- 
rupting source. Valid only when INTREQ 
= 1. 


INTREQ: This bit determines if an interrupt request 
is present. Interrupt Request = 1; no In- 
terrupt Request = 0. 


SLAVE MODE OPERATION 


When slave mode is used, the internal 80C186 inter- 
rupt controller will be used as a slave controller to an 
external master interrupt controller. The internal 
80C186 resources will be monitored by the internal 
interrupt controller, while the external controller 
functions as the system master interrupt controller. 


Upon reset, the 800186 will be in master mode. To 
provide for slave mode operation bit 14 of the relo- 
cation register should be set. 


Because of pin limitations caused by the need to 
interface to an external 82C59A master, the internal 
interrupt controller will no longer accept external in- 
puts. There are however, enough 80C186 interrupt 
controller inputs (internally) to dedicate one to each 
timer. In this mode, each timer interrupt source has 
its own mask bit, IS bit, and control word. 


In slave mode each peripheral must be assigned a 
unique priority to ensure proper interrupt controller 
operation. Therefore, it is the programmer's respon- 
sibility to assign correct priorities and initialize inter- 
rupt control registers before enabling interrupts. 


Slave Mode External Interface 


The configuration of the 80C186 with respect to an 
external 82C59A master is shown in Figure 33. The 
INTO (Pin 45) input is used as the 80C186 CPU inter- 
rupt input. INT3 (Pin 41) functions as an output to 


send the 80C186 slave-interrupt-request to one of 


the 8 master-PIC-inputs. 


15 14 13 5 6 3 2 1 0 
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Figure 31. EOI Register Format 


Figure 32. Poll and Poll Status Register Format 
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Figure 33. Slave Mode Interrupt Controller Connections 


Correct master-slave interface requires decoding of 
the slave addresses (CASO-2). Slave 82C59As do 
this internally. Because of pin limitations, the 
80C186 slave address will have to be decoded ex- 
-ternally. INT1 (Pin 44) is used as a slave-select in- 
put. Note that the slave vector address is transferred 
internally, but the READY input must be supplied ex- 
ternally. 


INT2 (Pin 42) is used as an acknowledge output, 
suitable to drive the INTA input of an 82C59A. 


Interrupt Nesting 


Slave mode operation allows nesting of interrupt re- 
quests. When an interrupt is acknowledged, the pri- 
ority logic masks off all priority levels except those 
with equal or higher priority. 


Vector Generation in the Slave Mode 


Vector generation in slave mode is exactly like that 
of an 82C59A slave. The interrupt controller gener- 
ates an 8-bit vector which the CPU multiplies by four 
and uses as an address into a vector table. The sig- 
nificant five bits of the vector are user-programma- 
ble while the lower three bits are generated by the 
priority logic. These bits represent the encoding of 
the priority level requesting service. The significant 
five bits of the vector are programmed by writing to 
the Interrupt Vector register at offset 20H. 


Specific End-of-interrupt 


In slave mode the specific EO! command operates 


to reset an in-service bit of a specific priority. The . 


user supplies a 3-bit priority-level value that points to 
an in-service bit to be reset. The command is exe- 
cuted by writing the correct value in the Specific EOI 
register at offset 22H. 


Interrupt Controller Registers 
in the Slave Mode 


All control and command registers are located inside 
the internal peripheral control block. Figure 34 
shows the offsets of these registers. 


End-of-interrupt Register 


The end-of-interrupt register is a command register 
which can only be written. The format of this register 
is shown in Figure 35. It initiates an EOI command 
when written by the 80C186 CPU. 


The bits in the EOI register are encoded as follows: 


L,: | Encoded value indicating the priority of the IS 
bit to be reset. 
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In-Service Register 


This register can be read from or written into. It con- 
tains the in-service bit for each of the internal inter- 
rupt sources. The format for this register is shown in 
Figure 36. Bit positions 2 and 3 correspond to the 
DMA channels; positions 0, 4, and 5 correspond to 
the integral timers. The source’s IS bit is set when 
the processor acknowledges its interrupt request. 


interrupt Request Register 


This register indicates which internal peripherals 
have interrupt requests pending. The format of this 
register is shown in Figure 36. The interrupt request 
bits are set when a request arrives from an internal 
source, and are reset when the processor acknowl- 
edges the request. As in master mode, DO and D1 
are read/write; all other bits are read only. 


Mask Register 


The register contains a mask bit for each interrupt 
source. The format for this register is shown in Fig- 
ure 36. If the bit in this register corresponding to a 
particular interrupt source is set, any interrupts from 
that source will be masked. These mask bits are ex- 
actly the same bits which are used in the individual 


control registers, i.e., changing the state of a mask © 


bit in this register will also change the state of the 
mask bit in the individual interrupt control register 
corresponding to the bit. 


Control Registers 


These registers are the control words for all the in- 
ternal interrupt sources. The format of these regis- 
ters is shown in Figure 37. Each of the timers and 
both of the DMA channels have their own Control 
Register. 


The bits of the Control Registers are encoded as 

follows: 

pr,:  3-bit encoded field indicating a priority level 
for the source; note that each source must be 
programmed at specified levels. 


msk: mask bit for the priority level indicated by pr, 
bits. 


OFFSET 


LEVEL 5 CONTROL REGISTER ere 
(TIMER 2) 
LEVEL 4 CONTROL REGISTER ey 
(TIMER 1) 
LEVEL 3 CONTROL REGISTER cali 
(DMA 1) 
LEVEL 2 CONTROL REGISTER ie 
(DMA 0) 
LEVEL 0 CONTROL REGISTER oes 
(TIMER 0) 
INTERRUPT STATUS REGISTER 30H 


INTERRUPT-REQUEST REGISTER 2EH 
IN-SERVICE REGISTER 2CH 


PRIORITY-LEVEL MASK REGISTER 2AH 


MASK REGISTER 28H 
SPECIFIC EOI REGISTER 22H 
INTERRUPT VECTOR REGISTER 20H 


Figure 34. Interrupt Controller Registers 
(Slave Mode) 
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Figure 35. Specific EOI Register Format 
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Figure 36. In-Service, Interrupt Request, and Mask Register Format 
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interrupt Vector Register 


This register provides the upper five bits of the inter- 
rupt vector address. The format of this register is 
shown in Figure 38. The interrupt controller itself 
provides the lower three bits of the interrupt vector 
as determined by the priority level of the interrupt 


interrupt Controller and Reset 


Upon RESET, the interrupt controller will perform 
the following actions: 


e All SFNM bits reset to 0, implying Fully Nested 
Mode.” 
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e All PR bits in the various control registers set to 1. 
This places all sources at lowest priority (level 


The format of the bits in this register is: 111). 


t,: 5-bit field indicating the upper five bits of the ¢ All LTM bits reset to 0, resulting in edge-sense 
vector address. mode. 
e All Interrupt Service bits reset to 0. 


e All Interrupt Request bits reset to 0. 

e All MSK (Interrupt Mask) bits set to 1 (mask). 

e All C (Cascade) bits reset to 0 (non-cascade). 

e All PRM (Priority Mask) bits set to 1, implying no 
The encoding of the bits in this register is: levels masked. 


m,:  3-bit encoded field indication priority-level val- e |nitialized to master mode. 
ue. All levels of lower priority will be masked. 


request. 


Priority-Level Mask Register 


This register indicates the lowest priority-level inter- 
rupt which will be serviced. 


Interrupt Status Register 


This register is defined as in master mode except 
that DHLT is not implemented (see Figure 27). 
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Figure 37. Control Word Format 
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Figure 38. Interrupt Vector Register Format 
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Figure 39. Priority Level Mask Register 


22-91 


80C 186 


eS 
- 
y 
4 


=p 
em 


ADVANCE INFORMATION 


Enhanced Mode Operation 


In Compatible Mode the 80C186 operates with all 
the features of the NMOS 80186, with the exception 
of 8087 support (i.e. no numeric coprocessing is 
possible in Compatible Mode). Queue-Status infor- 
mation is still available for design purposes other 
than 8087 support. 


All the Enhanced Mode features are completely 
masked when in Compatible Mode. A write to any of 
the Enhanced Mode registers will have no effect, 
while a read will not return any valid data. 


In Enhanced Mode, the 80C186 will operate with 
Power-Save, DRAM refresh, and numerics coproc- 
essor support in addition to all the Compatible Mode 
features. 


Entering Enhanced Mode 


lf connected to a numerics coprocessor, this mode 
will be invoked automatically. Without a NPX, this 
mode can be entered by tying the RESET output 
signal from the 80C186 to the TEST/BUSY input. 


Queue-Status Mode 


The queue-status mode is entered by strapping the 
RD pin low. RD is sampled at RESET and if LOW, 
the 80C186 will reconfigure the ALE and WR pins to 
be QSO and QS1 respectively. This mode is avail- 
able on the 80C186 in both Compatible and En- 
hanced Modes and is identical to the NMOS 80186. 


Bits O-8: Reserved, read back as 0. 


set to 0 on RESET. 


aR. x44. UES CAS a aa OS BA ie Oe eee Sn ee 
MDRAM: M4 M1 
Offset EOH 


Bits 9-15: MO-M6, are address bits A13-—A19 of the 20-bit memory refresh address. These bits should 
correspond to the chip select address to be activated for the DRAM partition. These bits are 


DRAM Refresh Control Unit 
Description 


The Refresh Control Unit (RCU) automatically gen- 
erates DRAM refresh bus cycles. The RCU operates 
only in Enhanced Mode. After a programmable peri- 
od of time, the RCU generates a memory read re- 
quest to the BIU. If the address generated during a 
refresh bus cycle is within the range of a properly 
programmed chip select, that chip select will be acti- 
vated when the BIU executes the refresh bus cycle. 
The ready logic and wait states programmed for that 
region will also be in force. If no chip select is acti- 
vated, then external ready is automatically required 
to terminate the refresh bus cycle. : 


lf the HLDA pin is active when a DRAM refresh re- 
quest is generated (indicating a bus hold condition), 
then the 80C186 will deactivate the HLDA pin in or- 
der to perform a refresh cycle. The circuit external to 
the 80C186 must remove the HOLD signal in order 
to execute the refresh cycle. The sequence of HLDA 
going inactive while HOLD is being held active can 
be used to signal a pending refresh request. 


All registers controlling DRAM refresh may be read 
and written in Enhanced Mode. When the processor 
is operating in Compatible Mode, they are deselect- 
ed and are therefore inaccessible. Some fields of 
these registers cannot be written and are always 
read as zeros. 


DRAM Refresh Addresses 


The address generated during a refresh cycle is de- 
termined by the contents of the MDRAM register 
(see Figure 40) and the contents of a 9-bit counter. 
Figure 41 illustrates the origin of each bit. 


Figure 40. Memory Partition Register 


A19 A118 A1i7 Ai6 A15 Ai4 A13 Ai2 A1i A110 AQ A8 A7 A6 AS A4 A3 _ A2_ At1_ AO 


| 0 | o | cas] caz | ca6 | CAS | CA4| CAB] CA2| CA1{ CAO! 1 


M6-Mo0O: Bits defined by MDRAM Register 


CA8-CAO: Bits defined by refresh address counter 


Figure 41. Addresses Generated by RCU 
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Bits 0-8: 
request. 


Bits 9-15: Reserved, read back as 0. 
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CO-C8, clock divisor register, holds the number of CLKOUT cycles between each refresh 
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Figure 42. Clock Pre-Scaler Register 


te 0 4's TS 18 10 9 8 7 6 5 4 3 2 1 0 
EDRAM: 78 | 37-4 TC: TEs Te TS, | 24 TEE TO 
Offset E4H 


Bits 0-8: 
Bits 9-14: Reserved, read back as 0. 
Bit 15: Enable RCU, set to 0 on RESET. 


TO-T8, refresh clock counter outputs. Read only. 


Figure 43. Enable RCU Register 


Refresh Control Unit Programming and 
Operation 


After programming the MDRAM and the CDRAM 
registers (Figures 40 and 42), the RCU is enabled by 
setting the “E” bit in the EDRAM register (Figure 
43). The clock counter (TO-T8 of EDRAM) will be 
loaded from CO-C8 of CDRAM during T3 of instruc- 
tion cycle that sets the “E”’ bit. The clock counter is 
then decremented at each subsequent CLKOUT. 


A refresh is requested when the value of the counter 
has reached 1 and the counter is reloaded from 
CDRAM. In order to avoid missing refresh requests, 
the value in the CDRAM register should always be at 
least 18 (12H). Clearing the “E” bit at anytime will 
clear the counter and stop refresh requests, but will 
not reset the refresh address counter. 


POWER-SAVE CONTROL 


Power Save Operation 


The 800186, when in Enhanced Mode, can enter a 
power saving state by internally dividing the clock-in 
frequency by a programmable factor. This divided 


frequency is also available at the CLKOUT pin. The 
PDCON register contains the two-bit fields for se- 
lecting the clock division factor and the enable bit. 


All internal logic, including the Refresh Control Unit 
and the timers, will have their clocks slowed down 
by the division factor. To maintain a real time count 
or a fixed DRAM refresh rate, these peripherals must 
be re-programmed when entering and leaving the 
power-save mode. 


The power-save mode is exited whenever an inter- 
rupt is processed by automatically resetting the en- 
able bit. If the power-save mode is to be re-entered 
after serving the interrupt, the enable bit will need to 
be reset in software before returning from the inter- 
rupt routine. 


The internal clocks of the 80C186 will begin to be 
divided during the T3 state of the instruction cycle 
that sets the enable bit. Clearing the enable bit will 
restore full speed in the Tg state of that instruction. 


At no time should the internal clock frequency be 
allowed to fall below 0.5 MHz. This is the minimum 
operational frequency of the 80C186. For example, 
an 80C186 running with a 12 MHz crystal (6 MHz 


- CLOCKOUT) should never have a ith divisor 


greater than eight. 
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15 14 13 12 11 10 9 8 2 6 5 4 3 2 1 0 
st Elf 
Offset FOH 


Bits 0-1: 


Clock Divisor Select 
F1 FO Division Factor 

0 0 divide by 1 

0 1 divide by 4 

1 0 divide by 8 

1 1 divide by 16 
Bits 2-14: Reserved, read back as zero. 
Bit 15: 


Enable Power Save Mode. Set to zero on RESET. 


Figure 44. Power-Save Control Register 


Numeric Coprocessor (NPX) 
Extension 


Three of the mid-range memory chip selects are re- 
defined according to Table 16 when using the nu- 
merics coprocessor extension. The fourth chip se- 
lect, MCS2 functions as in compatible mode, and 
may be programmed for activity with ready logic and 
wait states accordingly. As in compatible mode, 
MCS2 will function for one-fourth a programmed 
block size. 
Table 16. MCS Assignments 


Compatible 
Enhanced Mode 


REQ Processor Extension Request 
=SROA NPX Error 
Mid-Range Chip Select 
Numeric Processor Select 


Four port addresses are assigned to the NPX for 16- 
bit reads and writes by the 80C186. Table 17 shows 
the port definitions. These ports are not accessible 
by using the 80C186 1/O instructions. However, nu- 
merics operations will cause a PCS line to be acti- 
vated if it is properly programmed for this I/O range. 


Table 17. Numerics Coprocessor I/O Port 
Assignments 


1/O Address | Read Definition | Write Definition 


Status/Control Opcode 
Data 
CS:IP, DS:EA 
reserved 


Data 
reserved 
Opcode Status 


“ONCETM” Test Mode 


To facilitate testing and inspection of devices when 
fixed into a target system, the 80C186 has a test 
mode available which allows all pins to be placed in 
a high-impedance state. “ONCE” stands for “ON 
Circuit Emulation”. When placed in this mode, the 
80C186 will put all pins in the high-impedance state 
until RESET. 


The ONCE mode is selected by tying the UCS and 
the LCS LOW during RESET. These pins are sam- 
pled on the low-to-high transition of the RES pin. 
The UCS and the LCS pins have weak internal pull- 
up resistors similar to the RD and TEST/BUSY pins 
to guarantee proper normal operation. 
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Figure 45. Typical 80C 186 Computer 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature under Bias ....0°C to + 70°C 


Storage Temperature .......... —65°C to + 150°C 
Voltage on Any Pin with 

Respect to Ground............ —1.0V to + 7.0V 
Package Power Dissipation ................... 3W 


*Notice: Stresses above those listed under “‘Abso- 
lute Maximum Ratings” may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE: Specifications contained within the 
following tables are subject to change. 


ADVANCE INFORMATION—SEE INTEL FOR DESIGN-IN INFORMATION 


D.C. CHARACTERISTICS 
Ta = 0°C to +70°C, Voc = 


Input Low Voltage 


Vit 

Input High Voltage 
(All except X1 and RES 

Input High Voltage rs 

prot | foarte. Slt Low Voltage 


— Input Leakage Current 


ito | Output Leakage Current 


Clock Input Low Voltage (X1) 


Input Capacitance 
1/O Capacitance 


NOTES: 


5V +10% except Voc = 5V + 


Output High Voltage 
ee 
ae 

woe = 5. 5V 
baal amie 8 
pat il To. 
[Output Leakage Current = || | #10 | pA 
Nene _GeakSuriey A te 
Vono _| Clock Output High puaves | dV [ico = -800nA 
08 | 


Clock Input High Voltage (X1)|_ 3.9 


5% at 16 MHz 


lo. = 2.5 mA (SO, 1, 2) 
lo. = 2.0 mA (others) 


lon = —2.4mMA @ 2.4V 
lon = —200 pA @0.8 Vcc 


@25°C, Voc = 5.0V 
, 
, 


EYE oe aod | 
Sy! Th eee 
C0 "Fer-feineee 


1. Pins being floated during HOLD or by invoking the ONCE Mode. 
2. Characterization conditions are a) Frequency = 1 MHz; b) Unmeasured pins at GND; c) Vin at + 5.0V or 0.45V. This 


parameter is not tested. 
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PIN TIMINGS 


ADVANCE INFORMATION—SEE INTEL FOR DESIGN-IN INFORMATION 
A.C. CHARACTERISTICS . 
Ta = 0°C to +70°C, Voc = 5V +10% except Voc = 5V +5% at 16 MHz 


All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with C_ = 50-200 pF (10 MHz) and Ci = 50-100 pF (12.5-16 MHz). | 
Input Vi_ = 0.45V and Viy = 2.4V for A.C. tests. 


80C 186-10 80C 186-12 80C 186-16 Test 
Pca mr es al esa ieee 


80C 186 TIMING REQUIREMENTS 


}Q0G106 TIMINGREQUIREMENTS ee Set es Rae 
CS 


TarycH | ARDY Resolution Transition 
Setup Time() 

TarRYLCL | Asynchronous Ready (ARDY) 
Setup Time 


ARDY Active Hold Time 


TARYCHL | ARDY Inactive ee oe 
Hold Time 
TsrycL._ | Synchronous Ready 
(SRDY) Transition 
Setup Time(1) 
Tcisry | SRDY Transition 
Hold Time 


HOLD Setup(1) 

Tinvcyw | INTR, NMI, TEST, TMR IN PB 
Setup Time(1) 

TinvcL | DRQO, “ives Setup 
Time(1 


80C 186 MASTER INTERFACE TIMING RESPONSES 


Toay | Address ValidDelay | 5 | 50] || 86 | | 83 | ns | 
Toxax—|-Addross Hold =< iP 8 Sf Of fe Onn | 


TCHCZz Command Lines 
Float Delay 

TCHCV Command Lines Valid 
Delay (after Float) 


ALE Width (min) Too-30|  |Tao-30| | Toacn-30| ~ | ns | C.=50pF 


(except 


TcLtmv) @ 
10 MHz 


-—100 pF all 
ALE Active Delay SS SSS shave 
ALE Inactive Delay | ns |e 12.5 & 
16 MHz 


TLLAX Address Hold to oe — 20 Mn = 2 Saeed > a 

ALE Inactive (min) 
Data Valid Delay 
Data Hold Time Se ae eee 
DataHoldafterWR (min) |Torcr- 34 | Toaco-20| | Toac-20| | ns_ 
Control Active Delay 1 ORCS S ee ee 
ControlActiveDelay2 | 5 | 44 | | 7 | 5 | 81 | ns | 
ControlinactiveDelay | S| 44 | | a7 | S| 8 | ns | 
Tcvpex | DEN Inactive Delay 47 

(Non-Write Cycle) 
NOTE: 
1. To guarantee recognition at next clock. 
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PIN TIMINGS (Continued) 


ADVANCE INFORMATION—SEE INTEL FOR DESIGN-IN INFORMATION 


A.C. CHARACTERISTICS 
Ta = OC to + 70°C, Voc = 5V £10% except Vcc = 5V £5% at 16 MHz 


All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with C_ = 50-200 pF (10 MHz) and C, = 50-100 pF (12.5-16 MHz). 
Input Vii = 0.45V and Vin, = 2.4V for A.C. tests. 


80C 186-10 80C 186-12 80C 186-16 Test 
eit Nee a asl ie ral — ae ae 


80C 186 MASTER INTERFACE TIMING RESPONSES (Continued) 


Tazri_ | Address Float to 
RD Active 


RD Active Delay 
RD Inactive Delay 2 


TrHayv | RD Inactive to Tote. — 40 ote wa! a — 20 
Address Active 
(min) 


HLDA Valid Delay eae we 


TriRH | RD Pulse Width 2TctcL — 46 ote: = <8. Joes = 2 
(min) 
TwuwH | WR Pulse Width 2TcLcL — 34 2TcicL. — 30 2TcicL. — 25 
(min) 
TaviL | Address Valid to TCLCH — 19 TcLCH — 15 Tove —.15 Equal 
ALE Low (min) Loading 
Tcusv_ |.Status Active 45 31 
Delay 
TcoLsH | Status Inactive 
Delay 
Tcoitmv | Timer Output Delay 100 pF max 
rote 10 MHz 


Reset Delay po go | a0" ing CS c0=200 pr 


TcHasv | Queue Status Al Sutpule 
Delay 


(except Tc_Tmv) 
eee 10 MHz 
Status Hold Time 
TavcuH_ | Address Valid to 
Clock High 
Totty | LOCK Valid/invalid 45 
Delay 
Tpxpt_ | DEN Inactive to Equal 
DT/R Low Loading 
80C 186 CHIP-SELECT TIMING RESPONSES | 
Tcicsv | Chip-Select 
Active Delay 
Texcsx | Chip-Select ToLCcH — 10 ToicH — 10 Tees st 10 avi Nee 
Hold from Loading 
TcHcsx | Chip-Select 
Inactive Delay 


Command Inactive 
22-98 


C,. = 50-200 pF 
all outputs 


| ng | (except ToiTmv) 
HB 10 MHz 


He = 50-100 pF 
all outputs @ 
con & 16 MHz 


Hf = 50-100 pF 
All outputs @ 
12.5 & 16 MHz 
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PIN TIMINGS (Continued) 


ADVANCE INFORMATION—SEE INTEL FOR DESIGN-IN INFORMATION 


A.C. CHARACTERISTICS 
Ta = 0°C to +70°C, Voc = 5V +10% except Voc = 5V +5% at 16 MHz 


All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with C, = 50-200 pF (10 MHz) and C, = 50-100 pF (12.5-16 MHz). 
Input Vi, = 0.45V and Vin = 2.4V for A.C. tests. 


Parameter 80C 186-10 80C 186-12 80C 186-16 Test 
| Min | Max| Min | Max| ——Min__| Max | Conditions 


80C 186 CLKIN REQUIREMENTS Measurements taken with following conditions: External clock input to X1 and X2 not 
connected (float) 


Toxin | CLKINPeriod | 50_—| 1000 | 40 | 1000 | 3.25 | 1000 | ns | 
Toei. oUkin rain | 7 soe aye ae dine: | ip 10v | 
Toxin | CLKINRiseTime | | 5 | Ts | 1.0t03.5V_ 
Tee CUIN LowTime | 200 | ince tas |e | ve 
Touck | CLKINHighTime}| 20 | | ts | ts J ve) 


80C 186 CLKOUT TIMING 200 pF load maximum for 10 MHz or less, 100 pF load maximum above 10 MHz 


TcIco CLKIN to 17 
CLKOUT Skew 


CLKOUT Period 


TCLCH CLKOUT 0.5 se ee 0.5 Sat ae — ee “0.5 —. ae 43 ———— 
Low Time (min) 

TCHCL CLKOUT 0.5 TcoLcL—-6 0.5 TctcL—5 0.5 ToicL—5 1.5V 
High Time (min) 

ToH1cH2 | CLKOUT 10 1.0 to 3.5V 
Rise Time 

ToL2ci1 | CLKOUT 3.5 to 1.0V 
Fall Time 


NOTE: 
2. Totck and TcHcK (CLKIN Low and High times) should not have a duration less than 40% of Toxin. 
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800186 ADVANCE INFORMATION 


T; T2 
Se > TCL2CL1 Fg 


oe 


TCLAV —> 


reac caial to 
A, 9/Se-Ai6/S; 


WRITE CYCLE 


RD, iNTA, 
DT/R - Von 


INTA CYCLE 


SOFTWARE HALT-DT/R = V o1, 
RD, WR, INTA, DEN, = V oy, 


PCS, = TCLav 
i [ot3 


(cs, 
UCS 
(NOTE 4) 


i111 Peg 


3 INVALID ADDRESS eae 
ae 


TCHCSX —> 
son Tae TCXCSX —> 
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WAVEFORMS (Continued) 
MAJOR CYCLE TIMING (Continued) 


TCHICH2 
T; To T3 Tw 
TCLCL TCL2CL1 
Ven 
CLK OUT 


TCHCL | FeLen” | 
nr An 
“<r eA OT 
semanas | | X dene XK] | == ||) 


READ CYCLE 


WR, INTA ~ Vow 


pace TCXCSx 7 <+— 
UCS 
(Note 4) 
270354-17 


NOTES: 

1. Following a Write cycle, the Local Bus is floated by the 80C186 only when the 80C186 enters a “Hold Acknowledge” 
state. 

2. INTA occurs one clock later in slave mode. 

3. Status inactive just prior to T4. 

4. Latched A1 and A2 have the same timings as PCS5 and PCS6. 
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WAVEFORMS (Continued) 


CLKOUT 


—>| TCLLV —>| TCLLV 


CLKOUT 


TINVCH 


TINVCL —> 


CLKOUT 


TCHQSV 


Qso, QS1 
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WAVEFORMS (Continued) 
READY TIMING 


CLKOUT 


ARDY 
(NORMALLY 
NOT READY) 


ARDY 
(NORMALLY 
READY) 


CLKOUT 


HOLD-HLDA TIMING 


CLKOUT 


HOLD 


HLDA 


| 


AD15 ~ ADO 
DEN 
A19/S6 = A16/S3, 


__RD, WR, 800186 
BHE, DT/R, 
S2=5S0, LOCK 


Tw or Tz or 
| To ‘ Tw or Tz 


TARYCH ~ oe TCLARX 


TARYCH ez TARYCHL 
TARYLCL 
ie TCLARX 


Tw or Tz or 
| To Tw or Ts 
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80C186 


80C186 
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WAVEFORMS (Continued) 
TIMER ON 80C186 


80C 186 


he 
tte, erg Sacra 


“ADVANCE 1 


TCHICH2—> 


CLKOUT 


TIMERIN 


TIMEROUT 


80C186 EXECUTION TIMINGS 


A determination of 80C186 program execution tim- 
ing must consider both the bus cycles necessary to 
prefetch instructions as well as the number of exe- 
cution unit cycles necessary to execute instructions. 
The following instruction timings represent the mini- 
mum execution time in clock cycles for each instruc- 
tion. The timings given are based on the following 
assumptions: 


e The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 


e No wait states or bus HOLDs occur. : 


e All word-data is located on even-address bound- 
aries. 


2 1/2 - 6 1/2 CLOCKS 


270354-21 


All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 


All instructions which involve memory accesses can 
require one or two additional clocks above the mini- 
mum timings shown due to the asynchronous hand- 
shake between the BIU and execution unit. 


With a 16-bit BIU, the 80C186 has sufficient bus per- 
formance to ensure that an adequate number of pre- 
fetched bytes will reside in the queue most of the 
time. Therefore, actual program execution-will not be 
substantially greater than that derived from adding 
the instruction timings shown. 
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INSTRUCTION SET SUMMARY 


Function Format Cigex Comments 
Cycles 


DATA TRANSFER 
MOV = Move: 


Register to Register/Memory 
Register/memory to register : 
Immediate to register/memory 8/16-bit 


Immediate to register _ 8/16-bit 


Memory to accumulator addr-low 
Accumulator to memory 1010001w addr-low 
Register/memory to segment register 10001110 
Segment register to register/memory 10001100 


CATAL 19 mod 110 r/m 


01010 reg 


000reg110 


106087313 mod000 r/m 
01011 reg 


Segment register 000regi11 (reg#01) 


XCHG = Exchange: 


Register/memory with register 1000011Ww 


Register with accumulator 10010 reg 


IN = Input from: 
1110010w 


1110110w 


1110011w 
1110111w 


XLAT = Translate byte to AL 11078174 


LEA = Load EA to register 10001101 mod reg r/m 


LDS = Load pointer to DS 11000101 (mod 11) 
LES = Load pointer to ES 11000100 mod reg r/m (mod+ 11) 


LAHF = Load AH with flags 10011111 
SAHF = Store AH into flags 
PUSHF = Push flags 10011100 


POPF = Pop flags 10011101 
Shaded areas indicate instructions not available in 8086, 8088 microsystems. 


22-105 


oe 
ye Lie TSF 

‘ Se ce aE cae 
te eee ae eval 


\ Sparse? 


TION 


peti. ge a 


nigh vnc =: —sociee - ADWANGE INFORMATIE 


INSTRUCTION SET SUMMARY (Continued) 


Clock 


DATA TRANSFER (Continued) 
SEGMENT = Segment Override: 


00101110 
00110110 
00111110 


00100110 


Reg/memory with register to either 000000dw mod reg r/m 


mod000 r/m data ifs w=01 


Immediate to accumulator 0000010w data data if w=1 8/16-bit 


Immediate to register/memory 100000sw 


ADC = Add with carry: 
Reg/memory with register to either 000100dw 


Immediate to register/memory 100000sw mod010 r/m data data ifs w=01 
Immediate to accumulator 0001010w data data ifw=1 8/16-bit 


mod reg r/m 


INC = Increment: 
Register/memory 1111111wW mod000 r/m 


Register 01000 reg 


SUB = Subtract: 
Reg/memory and register to either 001010dw mod reg r/m 


Immediate from register/memory 100000sw mod 101 r/m data ifs w=01 
Immediate from accumulator 0010110w data data if w=1 8/16-bit 


SBB = Subtract with borrow: 
Reg/memory and register to either 000110dw 


| 
| 001010dw | modreg r/m_ | 
| 


mod reg r/m 


I 
mod 011 r/m data if sw=01 


Immediate from accumulator 0001110w data data ifw=1 8/16-bit 
DEC = Decrement 
Register/memory 1111111w 


Immediate from register/memory 100000sw 


mod001 r/m 


Register 01001 reg 
CMP = Compare: 


Register/memory with register 0011101w mod reg r/m 


mod reg r/m 


mod 111 r/m data ifs w=01 


Immediate with accumulator 0011110Ww data if w=1 8/16-bit 


Register with register/memory 0011100w 


Immediate with register/memory 100000sw 


NEG = Change sign register/memory 1111011w mod011 r/m 
AAA = ASCIl adjust for add 00110111 
DAA = Decimal adjust for add 00100111 
AAS = ASCII adjust for subtract 60117414 


DAS = Decimal adjust for subtract 00109111 


MUL = Multiply (unsigned): 1111011w mod 100 r/m 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


Shaded areas indicate instructions not available in 8086, 8088 microsystems. 
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Function Format 


ARITHMETIC (Continued) 


IMUL = Integer multiply (signed): 1111011w | mod101 r/m 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


DIV = Divide (unsigned): 1111011w mod110 r/m 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


IDIV = Integer divide (signed): 1111011Ww | mod111r/m 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


AAM = ASCIl adjust for multiply 
AAD = ASCIl adjust for divide 
CBW = Convert byte to word 
CWD = Convert word to double word 


LOGIC 
Shift/Rotate Instructions: 


Register/Memory by 1 1101000w mod TTT r/ 
1101001w mod TTT r/ 
io E mod 7 


2/15 


we 


Register/Memory by CL 5+n/17+n 


TTT Instruction 


000 ROL 
001 ROR | 
010 RCL 
011 RCR 
100 SHL/SAL 
101 SHR 
111 SAR 

AND = And: 

Reg/memory and register to either 001000dw 


Immediate to register/memory 1000000w | mod100 r/m data data ifw=1 
Immediate to accumulator 0010010w data if w= 1 


TEST = And function to flags, no result: 
Register/memory and register 1000010w 


Immediate data and register/memory 1111011w | mod000 r/m data if w= 1 
Immediate data and accumulator 1010100w data if w=1- 


OR = Or: 
Reg/memory and register to either 000010dw 
Immediate to register/memory 1000000w | mod001 r/m data data if w=1 


0000110w data data if w= 1 


Shaded areas indicate instructions not available in 8086, 8088 microsystems. 


8/16-bit 


8/16-bit 


8/16-bit 


Immediate to accumulator 
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INSTRUCTION SET SUMMARY (Continued) 


Clock 
Cycles 


Comments 


_ Function Format 


LOGIC (Continued) 

XOR = Exclusive or: 

Reg/memory and register to either 001100dw 

Immediate to register/memory 1000000w mod 110 r/m data data if w=1 

Immediate to accumulator 0011010w data data ifw=1 8/16-bit 
NOT = Invert register/memory ; 1111011w mod010 r/m 

STRING MANIPULATION 

MOVS = Move byte/word 1010010w 


CMPS = Compare byte/word 
SCAS = Scan byte/word 1010111w 
LODS = Load byte/wd to ALAX 1010110w 


STOS = Stor byte/wd from ALA 


si 


1010101w 


= x oat 


Repeated by count in CX 


MOVS = Move string © 11110010 1010010w 


CMPS = Compare string 


SCAS = Scan string 


LODS = Load string 


STOS = Store string 


4110010 | | 
CONTROL TRANSFER 
CALL = Call: 
Direct within segment 11101000 | disp-low | disp-high___ 
Register/memory  4444ddit | mod 010 r/m 


indirect within segment 


Direct intersegment 10011010 segment offset 


segment selector 


Indirect intersegment 7 LETTATIA mod011 r/m (mod # 11) 
JMP = Unconditional jump: 
Short/long 11101011 
Direct within segment 11101001 


mod100 r/m 


Register/memory 141111111 
indirect within segment 


Direct intersegment segment offset 


segment selector 


Indirect intersegment 1 I Se lac 1 eh mod 101 r/m (mod # 11) 


Shaded areas indicate instructions not available in 8086, 8088 microsystems. 
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INSTRUCTION SET SUMMARY (Continued) 


Function 


CONTROL TRANSFER (Continued) 
RET = Return from CALL: 


Within segment 11000011 


Within seg adding immed to SP 11000010 


Intersegment 11001011 


Intersegment adding immediate to SP 11001010 data-low data-high 


JE/JZ = Jump on equal/zero 01110100 


JL/JNGE = Jump on less/not greater or equal 01111100 
JLE/JNG = Jump on less or equal/not greater 


JB/JNAE = Jump on below/not above or equal 01110010 
JBE/JNA = Jump on below or equal/not above 
JP/JPE = Jump on parity/parity even 


JO = Jump on overflow 01110000 


JS = Jump on sign 01111000 


JNE/JNZ = Jump on not equal/not zero 01110101 


JNL/JGE = Jump on not less/greater or equal 01111101 


JNLE/JG = Jump on not less or equal/greater 011197111 
JNB/JAE = Jump on not below/above or equal 
JNBE/JA = Jump on not below or equal/above OTt10174 
JNP/JPO = Jump on not par/par odd Ot4,10 14 
JNO = Jump onnot overflow _ 01110001 


JNS = Jump on not sign 01111001 


JCXZ = Jump on CX zero 


LOOP = Loop CX times 11100010 


LOOPZ/LOOPE = Loop while zero/equal 11100001 
LOOPNZ/LOOPNE = Loop while not zero/equal | 11100000 


INT = Interrupt: 


4 
8 


Type specified 
Type3 11001100 


INTO = Interrupt on overflow 11001110 


Interrupt return 


= 
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data-low data-high 


Clock 


Cycles Comments 


JMP not 
taken/JMP 
taken 


LOOP not 
taken/LOOP 
taken 


if INT. taken/ 


if INT. not 
taken 


“ 


ot . 82 - : 
Sen ei, Mae < x 
et ie ie S 
~: = 


=i 


“ees 
gd 
To 
— 
= 
a 
Oe 
1% 


cmt 
ee 


INSTRUCTION SET SUMMARY (Continued) 


Clock 


PROCESSOR CONTROL 
CLC = Clear carry 11111000 
CMC = Complement carry Luter 
STC = Set carry 47417-11001 
CLD = Clear direction 11111100 
| STD = Set direction 1141404 
CLI = Clear interrupt 411171010 


11111011 


STI = Set interrupt 


HLT = Halt 17110700 


WAIT = Wait 10011011 


LOCK = Bus lock prefix 11110000 


ESC = Processor Extension Escape 


POV TeT mod LLL r/m 


(TTT LLL are opcode to processor extension) 


Shaded areas indicate instructions not available in 8086, 8088 microsystems. 


FOOTNOTES 


The Effective Address (EA) of the memory operand 
is computed according to the mod and r/m fields: 


ifmod = 11 thenr/mis treated as a REG field 

ifmod = 00then DISP = 0%, disp-low and disp- 
high are absent 

ifmod = 01 then DISP = disp-low sign-ex- 
tended to 16-bits, disp-high is absent 

ifmod = 10then DISP = disp-high: disp-low 

ifr/m = 000 then EA = (BX) + (SI) + DISP 

ifr/m = 001 then EA = (BX) + (DI) + DISP 

ifr/m = 010then EA = (BP) + (SI) + DISP 

ifr/m = 011 then EA = (BP) + (DI) + DISP 

ifr/m = 100 then EA = (SI) + DISP 

ifr/m = 101 then EA = (DI) + DISP 

ifr/m = 110then EA = (BP) + DISP* 

ifr/m = 111 then EA = (BX) + DISP 


EA calculation time is 4 clock cycles for all modes, 
and is included in the execution times given whenev- 
er appropriate. 


Segment Override Prefix 
a St en ee 


reg is assigned according to the following: 


Segment 
reg Register 
00 ES 
01 CS 
10 SS 
11 + Ps 


REG is assigned according to the following table: 


DISP follows 2nd byte of instruction (before data if 


required) 


*except if mod = 00 and r/m = 110 then EA = 
disp-high: disp-low. 


16-Bit(w = 1) 8-Bit(w = 0) 
000 AX 000 AL 
001 CX 001 CL 
010 DX 010 DL 
011 BX 011 BL 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 DH 
111 DI 111 BH 


The physical addresses of all operands addressed 
by the BP register are computed using the SS seg- 
ment register. The physical addresses of the desti- 
nation operands of the string primitive operations 
(those addressed by the DI register) are computed 
using the ES segment, which may not be overridden. 
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HIGH INTEGRATION 8-BIT MICROPROCESSOR 


m@ Integrated Feature Set 


— Enhanced 8086-2 CPU 

— Clock Generator 

— 2 Independent DMA Channels 

— Programmable Interrupt Controller 

— 3 Programmable 16-Bit Timers 

— Programmable Memory and 
Peripheral Chip-Select Logic 

— Programmable Wait State Generator 

— Local Bus Controller 


High-Performance 8 MHz Processor 

— At 8 MHz Provides 2 Times the 
Performance of the Standard 8088 

— 2 MByte/Sec Bus Bandwidth 
interface @8 MHz 


Available in EXPRESS 
— Standard Temperature with Burn-in 
— Extended Temperature Range 

(— 40°C to + 85°C) 


8-Bit Data Bus Interface; 16-Bit Internal 
Architecture 


INT3/INTA1 
INT2/INTAO 


CLKOUT Vcc GND 


NT 
REGISTERS 


4-BYTE 
PREFETCH 


00- A16/S3- 
A19/S6 
AB-A15 


PROGRAMMABLE 
INTERRUPT 
CONTROLLER 


PROGRAMMABLE 
CONTROL 
REGISTERS 


Completely Object Code Compatible 
with All Existing 8086/8088 Software 
— 10 New Instruction Types 


DRAM Refresh Capability via DMA 
Channel and Timer 2 


Direct Addressing Capability to 

1 MByte of Memory and 64 KByte I/O 

Complete System Development 

Support 

— Development Software; Assembler, 
PL/M, Pascal, Fortran, and System 
Utilities 

— In-Circuit-Emulator (I2ICETM-186/ 188) 

High Performance Numerical 

Coprocessing Capability Through 8087 

interface , 

Available in 68 Pin: 

— Ceramic Leadiess Chip Carrier (LCC) 

— Ceramic Pin Grid Array (PGA) 

— Plastic Leaded Chip Carrier (PLCC) 


(See Packaging Outlines and Dimensions, Order #231369) 


TMR OUT1 TMR OUT O 


TMR IN 
0 


en A aR, 
PROGRAMMABLE 
TIMERS 
Po ae 
MAX COUNT N 
REGISTER B NN 
MAX COUNT 
REGISTER A 
CONTROL REGISTERS 
16-BIT 
Eee a 
DMA UNIT 
0 1 
20-BIT 
SOURCE POINTERS 
20-BIT 
DESTINATION 
POINTERS 
16-BIT 
TRANSFER COUNT 
CONTROL 
REGISTERS 
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Figure 1. 80188 Block Diagram 
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The Intel 80188 is a highly integrated microprocessor with an 8-bit data bus interface and a 16-bit internal 
architecture to give high performance. The 80188 effectively combines 15-20 of the most common 8088 
system components onto one. The 80188 provides two times greater throughput than the standard 5 MHz 
8088. The 80188 is upward compatible with 8086 and 8088 software and adds 10 new instruction types to the 
existing set. 
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Figure 2. 80188 Pinout Diagram 
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Table 1. 80188 Pin Description 


| Symbol__| PinNo. | Type | =———————SNameandFunction 
yoo Yeo BAB tt SYSTEM POWER: + 5 volt power supply. 
'Vss.Vss_ | 26,60, | |__| SYSTEM GROUND 


RESET OUTPUT: Indicates that the 80188 CPU is being reset, and 
can be used as a system reset. It is active HIGH, synchronized with 
the processor clock, and lasts an integer number of clock periods 

corresponding to the length of the RES signal. 


CRYSTAL INPUTS: X1 and X2 provide external connections for a 
fundamental mode parallel resonant crystal for the internal 
oscillator. Instead of using a crystal, an external clock may be 
applied to X1 while minimizing stray capacitance on X2. The input 
or oscillator frequency is internally divided by two to generate the 
clock signal (CLKOUT). 


CLOCK OUTPUT: Provides the system with a 50% duty cycle 
waveform. All device pin timings are specified relative to CLKOUT. 

CLKOUT has sufficient MOS drive capabilities for the 8087 Numeric 
Processor Extension. 


SYSTEM RESET: Causes the 80188 to immediately terminate its 
present activity, clear the internal logic, and enter a dormant state. 
This signal may be asynchronous to the 80188 clock. The 80188 _ 
begins fetching instructions approximately 7 clock cycles after RES 
is returned HIGH. For proper initialization, Vcc must be within 
specifications and the clock signal must be stable for more than 4 
clocks with RES held low. RES is internally synchronized. This input 
is provided with a Schmitt-trigger to facilitate power-on RES 
generation via an RC network. When RES occurs, the 80188 will 
drive the status lines to an inactive level for one clock, and then 
float them. 


TEST: Is examined by the WAIT instruction. If the TEST input is 
HIGH when “WAIT” execution begins, instruction execution will 
suspend. TEST will be resampled until it goes LOW, at which time 
execution will resume. If interrupts are enabled while the 80188 is 
waiting for TEST, interrupts will be serviced. This input is 
synchronized internally. 
TMR IN 0, TIMER INPUTS: Are used either as clock or control signals, 
TMR IN 1 depending upon the programmed timer mode. These inputs are 
active HIGH (or LOW-to-HIGH transitions are counted) and 
internally abba Bh S 


DMA REQUEST: Is veh HIGH by an external device when it 
desires that a DMA channel (Channel 0 or 1) perform a transfer. 
These signals are active HIGH, level-triggered, and internally 

synchronized. 


NON-MASKABLE INTERRUPT: Is an edge-triggered input which 
causes a type 2 interrupt. NMI is not maskable internally. A 
transition from a LOW to HIGH initiates the interrupt at the next 
instruction boundary. NMI is latched internally. An NMI duration of 
one clock or more will guarantee service. This input is internally 
synchronized. 
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INTO, INT1, MASKABLE INTERRUPT REQUESTS: Can be requested by 
INT2/INTAO, activating one of these pins. When configured as inputs, these pins 
INT3/INTA1 are active HIGH. Interrupt Requests are synchronized internally. 
INT2 and INT3 may.be configured via software to provide active- 
LOW interrupt-acknowledge output signals. All interrupt inputs may 
be configured via software to be either edge- or level-triggered. To | 
ensure recognition, all interrupt requests must remain active until the 
interrupt is acknowledged. When slave mode is selected, the 
function of these pins changes (see Interrupt Controller section of 
this data sheet). 


ADDRESS BUS OUTPUTS (16-19) and BUS CYCLE STATUS (3- 
6): Reflect the four most significant address bits during T;. These 
signals are active HIGH. During To, T3, Tw, and T4, status 
information is available on — lines as encoded below: 


a ee DMA Cycle 


$3, S4, and S5 are defined as LOW during T2-T4. The status pins 
float during HOLD/HLDA. 


AD7-ADO 2, 4, 6,8 I/O | ADDRESS/DATA BUS (0-7): Signals constitute the time 
A 1S, 18 F¥ multiplexed memory or 1/O address (T+) and data (To, T3, Tw, and 
T,4) bus. The bus is active HIGH. 


A15-A8 1iai-3ae ADDRESS-ONLY BUS (8-15): Containing valid address from T;-T4. 
Cae es 12, 14, 16 The bus is active HIGH. 
This signal is HIGH to indicate that the 80188 has an 8-bit data bus. 
S7 floats during HOLD. 
standard 8088. The trailing edge is generated off the CLKOUT rising 


abe ADDRESS LATCH ENABLE/QUEUE STATUS 0: Is provided by the 
edge in T; as in the 8088. Note that ALE is never floated. 


80188 to latch the address into the 8282/8283 address latches. 
WR/QS1 WRITE STROBE/QUEUE STATUS 1: Indicates that the data on the 
bus is to be written into a memory or an I/O device. WR is active for 
To, Tg, and Tw of any write cycle. It is active LOW, and floats during 
“HOLD.” It is driven HIGH for one clock during Reset, and then 
floated. When the 80188 is in queue status mode, the ALE/QS0 and 
WR/QS1 pins provide information about processor/instruction 
queue interaction. 
LL tae beams peron 
No Queue Operation 
: ; First Opcode Byte Fetched 
from the Queue 
1 ) 1 Subsequent Byte Fetched 
from the Queue 
Empty the Queue 


ALE is active HIGH. Addresses are guaranteed to be valid on the 
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trailing edge of ALE. The ALE rising edge is generated off the rising 
edge of the CLKOUT immediately preceding T; of the associated 
bus cycle, effectively one-half clock cycle earlier than in the 


Table 1. 80188 Pin Description (Continued) 


| Symbol | PinNo. | Type — Name and Function 


READ STROBE: Indicates that the 80188 is performing a memory or 
|/O read cycle. RD is active LOW for To, T3, and Tw of any read 
cycle. Itis guaranteed not to go LOW in To» until after the Address 
Bus is floated. RD is active LOW, and floats during “HOLD”. RD is 
driven HIGH for one clock during Reset, and then the output driver is 
floated. A weak internal pull-up mechanism on the RD line holds it 
HIGH when the line is not driven. During RESET the pin is sampled 
to determine whether the 80188 should provide ALE, WR, and RD, or 
if the Queue-Status should be provided. RD should be connected to 
GND to provide Queue-Status data. 


ASYNCHRONOUS READY: Informs the 80188 that the addressed 
memory space or I/O device will complete a data transfer. The 
ARDY input pin will accept an asynchronous input, and is active 
HIGH. Only the rising edge is internally synchronized by the 80188. 
This means that the falling edge of ARDY must be synchronized to 
the 80188 clock. If connected to Vcc, no WAIT states are inserted. 
Asynchronous ready (ARDY) or synchronous ready (SRDY) must be 
active to terminate a bus cycle. If unused, this line should be tied 
LOW to yield control to the SRDY pin. 


SYNCHRONOUS READY: Must be synchronized externally to the 
80188. The use of SRDY provides a relaxed system-timing 
specification on the Ready input. This is accomplished by eliminating 
the one-half clock cycle which is required for internally resolving the 
signal level when using the ARDY input. This line is active HIGH. If 
this line is connected to Vcc, no WAIT states are inserted. 
Asynchronous ready (ARDY) or synchronous ready (SRDY) must be 
active before a bus cycle is terminated. If unused, this line should be 
tied LOW to yield control to the ARDY pin. 


LOCK: Output indicates that other system bus masters are not to 
gain control of the system bus while LOCK is active LOW. The LOCK 
signal is requested by the LOCK prefix instruction and is activated at 
the beginning of the first data cycle associated with the instruction 
following the LOCK prefix. It remains active until the completion of 
the instruction following the LOCK prefix. No prefetches will occur 
while LOCK is asserted. When executing more than one LOCK 
instruction, always make sure there are 6 bytes of code between the 
end of the first LOCK instruction and the start of the second LOCK 
instruction. LOCK is active LOW, is driven HIGH for one clock during 
RESET, and then floated. 


BUS CYCLE STATUS S0-S2: Are encoded to provide bus- 
transaction information: 


80188 Bus Cycle Status Information 
Pe eae Bus Cycle Initiated 


Interrupt Acknowledge 
Read I/O 

Write I/O 

Halt 

Instruction Fetch 

Read Data from Memory 
Write Data to Memory 
Passive (no bus cycle) 


Eee 
ES 
= 


= 


=—_ = OO =] =| O CO 
-_o-'0O-0+-0 


The status pins float during “HOLD.” 
S2 may be used as a logical M/IO indicator, and S1 as aDT/R 
indicator. 


The status lines are driven HIGH for one clock during Reset, and 
then floated until a bus cycle begins. 
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HOLD: Indicates that another bus master is requesting the local 
bus. The HOLD input is active HIGH. HOLD may be asynchronous 
with respect to the 80188 clock. The 80188 will issue a HLDA in 
response to a HOLD request at the end of T, or Tj. Simultaneous 
with the issuance of HLDA, the 80188 will float the local bus and 
control lines. After HOLD is detected as being LOW, the 80188 will 
lower HLDA. When the 80188 needs to run another bus cycle, it will 
again drive the local bus and control lines. . 


UPPER MEMORY CHIP SELECT: Is an active LOW output 
whenever a memory reference is made to the defined upper portion 
(1K-—256K block) of memory. This line is not floated during bus 
HOLD. The address range activating UCS is software 
programmable. 


LOWER MEMORY CHIP SELECT: Is active LOW whenever a 
memory reference is made to the defined lower portion (1K-—256K) 
of memory. This line is not floated during bus HOLD. The address 

range activating LCS is software programmable. 


MID-RANGE MEMORY CHIP SELECT SIGNALS: Are active LOW 
when a memory reference is made to the defined mid-range portion 
of memory (8K-—512K). These lines are not floated during bus 
HOLD. The address ranges activating MCSO-3 are software 
programmable. 


PERIPHERAL CHIP SELECT SIGNALS 0-4: Are active LOW when 
a reference is made to the defined peripheral area (64K byte |/O 
space). These lines are not floated during bus HOLD. The address 
ranges activating PCSO-—4 are software programmable. 


PERIPHERAL CHIP SELECT 5 or LATCHED At: May be 
programmed to provide a sixth peripheral chip select, or to provide 
an internally latched A1 signal. The address range activating PCS5 
is software programmable. When programmed to provide latched 
A1, rather than PCS5, this pin will retain the previously latched value 
of Ai during a bus HOLD. A1 is active HIGH. 


PERIPHERAL CHIP SELECT 6 or LATCHED Az2: May be 
programmed to provide a seventh peripheral chip select, or to 
provide an internally latched A2 signal. The address range 
activating PCS6 is software programmable. When programmed to 
provide latched A2, rather than PCS6, this pin will retain the 
previously latched value of A2 during a bus HOLD. A2 is active 
HIGH. 


DATA TRANSMIT/RECEIVE: Controls the direction of data flow 
through the external 8286/8287 data bus transceiver. When LOW, 

data is transferred to the 80188. When HIGH the 80188 places write 
data on the data bus. 


DATA ENABLE: Is provided as an 8286/8287 data bus transceiver 
output enable. DEN is active LOW during each memory and I/O 
access. DEN is HIGH whenever DT/R changes state. 


HOLD (input) 
HLDA (output) 51 


: 


z — 
MCSO0-3 38, 37, 36, 35 
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FUNCTIONAL DESCRIPTION 


Introduction 


The following Functional Description describes the 
base architecture of the 80188. This architecture is 
common to the 8086, 8088 and 80286 microproces- 
sor families as well. The 80188 is a very high inte- 
gration 8-bit microprocessor. It combines 15-20 of 
the most common microprocessor system compo- 
nents onto one chip while providing twice the per- 
formance of the standard 8088. The 80188 is object 
code compatible with the 8086, 8088 microproces- 
sors and adds 10 new instruction types to the exist- 
ing 8086, 8088 instruction set. 


80188 BASE ARCHITECTURE 


The 8086, 8088, 80186, 80188 and 80286 family all 
contain the same basic set of registers, instructions, 
and addressing modes. The 80188 processor is up- 
ward compatible with the 8086, 8088, 80186, and 
80286 CPUs. 


Register Set 


The 80188 base architecture has fourteen registers 
as shown in Figures 3a and 3b. These registers are 
grouped into the following categories. 


GENERAL REGISTERS 


Eight 16-bit general purpose registers may be used 
to contain arithmetic and logical operands. Four of 
these (AX, BX, CX, and DX) can be used as 16-bit 
registers or split into pairs of separate 8-bit registers. 


16-BIT SPECIAL 
REGISTER REGISTER 
FUNCTIONS 


BYTE MULTIPLY /DIVIDE 


ADDRESSABLE 1/0 INSTRUCTIONS 
(8-BIT 


REGISTER 
NAMES 
SHOWN) 


~ LOOP/SHIFT/REPEAT/COUNT 


BASE REGISTERS 


INDEX REGISTERS 


STACK POINTER 


GENERAL 
REGISTERS 


Figure 3a. 80188 
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SEGMENT REGISTERS 


Four 16-bit special purpose registers select, at any 
given time, the segments of memory that are imme- 
diately addressable for code, stack, and data. (For 
usage, refer to Memory Organization.) 


BASE AND INDEX REGISTERS 


Four of the general purpose registers may also be 
used to determine offset addresses of operands in 
memory. These registers may contain base address- 
es or indexes to particular locations within a seg- 
ment. The addressing mode selects the specific reg- 
isters for operand and address calculations. 


STATUS AND CONTROL REGISTERS 


Two 16-bit special purpose registers record or alter 
certain aspects of the 80188 processor state. These | 
are the Instruction Pointer Register, which contains 
the offset address of the next sequential instruction 
to be executed, and the Status Word Register, which 
contains status and control flag bits (see Figures 3a 
and 3b). 


STATUS WORD DESCRIPTION 


The Status Word records specific characteristics of 
the result of logical and arithmetic instructions (bits 
0, 2, 4, 6, 7, and 11) and controls the operation of 
the 80188 within a given operating mode (bits 8, 9, 
and 10). The Status Word Register is 16-bits wide. 
The function of the Status Word bits is shown in 
Table 2. 


CODE SEGMENT SELECTOR 
DATA SEGMENT SELECTOR 
STACK SEGMENT SELECTOR 
EXTRA SEGMENT SELECTOR 


SEGMENT REGISTERS 


STATUS WORD 
INSTRUCTION POINTER 


STATUS AND CONTROL 
REGISTERS 


Register Set 
7 


STATUS FLAGS 
CARRY 

PARITY 

AUXILIARY CARRY 


ZERO 
SIGN 
OVERFLOW 


14 | "1 2 1 0 
sraus woro: (XV ANNA > Ler De Cr »* I Be 


\\\\\ INTEL RESERVED 


CONTROL FLAGS: 
TRAP FLAG 
INTERRUPT ENABLE 
DIRECTION FLAG 
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Figure 3b. Status Word Format 


Table 2. Status Word Bit Functions 


Fe Kane etna 


Carry Flag—Set on high-order 
bit carry or borrow; cleared 
otherwise 


Parity Flag—Set if low-order 

8 bits of result contain an even 
number of 1-bits; cleared 
otherwise 


Set on carry from or borrow to 
the low order four bits of AL; 
cleared otherwise 


Sign Flag—Set equal to high- 
order bit of result (0 if positive, 
1 if negative) 


Single Step Flag—Once set, a 
single step interrupt occurs 
after the next instruction 
executes. TF is cleared by the 
single step interrupt. 


Interrupt-Enable Flag—When 
set, maskable interrupts will 
cause the CPU to transfer 
control to an interrupt vector 
specified location. 


Direction Flag—Causes string 
instructions to auto decrement 
the appropriate index register 
when set. Clearing DF causes 
auto increment. 


Overflow Flag—Set if the 
signed result cannot be 
expressed within the number 
of bits in the destination 
operand; cleared otherwise 


Instruction Set 


The instruction set is divided into seven categories: 
data transfer, arithmetic, shift/rotate/logical, string 
manipulation, control transfer, high-level instruc- 
tions, and processor control. These categories are 
summarized in Figure 4. 


An 80188 instruction can reference anywhere from 
zero to several operands. An operand can reside in 
a register, in the instruction itself, or in memory. Spe- 
cific operand addressing modes are discussed later 
in this data sheet. 


Memory Organization 


Memory is organized in sets of segments. Each seg- 
ment is a linear contiguous sequence of up to 64K 
(216) 8-bit bytes. Memory is addressed using a two- 
component address (a pointer) that consists of a 16- 
bit base segment and a 16-bit offset. The 16-bit 
base values are contained in one of four internal 
segment registers (code, data, stack, extra). The 
physical address is calculated by shifting the base 
value LEFT by four bits and adding the 16-bit offset 
value to yield a 20-bit physical address (see Figure 
5). This allows for a 1 MByte physical address size. 


All instructions that address operands in memory 
must specify the base segment and the 16-bit offset 
value. For speed and compact instruction encoding, 
the segment register used for physical address gen- 
eration is implied by the addressing mode used (see 
Table 3). These rules follow the way programs are 
written (see Figure 6) as independent modules that 
require areas for code and data, a stack, and access 
to external data areas. 


Special segment override instruction prefixes allow 
the implicit segment register selection rules to be 
overridden for special cases. The stack, data, and 
extra segments may coincide for simple programs. 
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OUT Output byte or word REPNE/REPNZ Repeat while not equal/not zero 


LEA 
LDS AND 
LES anouewe or’ byte or word 
“Test” byte or word 

LAHF 
Decimal adjust for addition 
stl 
[cu 
Decimal adjust for subtraction 
Multiply byte or word unsigned : 
D ASCII adjust for division 
BW 
CWD BOUND 


Figure 4. 80188 Instruction Set 
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) CONDITIONAL TRANSFERS 
CALL | 
| 
JMP | 
LOOP 


LOOPE/LOOPZ 
LOOPNE/LOOPNZ 
INTERRUPTS 

N 


JNP/JPO Jump if not parity/parity odd INTO Interrupt if overflow 
Jump if not sign IRET 


Figure 4. 80188 Instruction Set (Continued) 


To access operands that do not reside in one of the 
four immediately available segments, a full 32-bit 
pointer can be used to reload both the base (seg- 
ment) and offset values. 


MODULE A | 


LOGICAL 


1s ° - P ADDRESS 


1§ 0 


SHIFT LEFT 4 BITS SEGMENT 


MODULE B 


19 0 


TO MEMORY 210706-5 


Figure 5. Two Component Address 


Table 3. Segment Register Selection Rules 


Memory | Segment 
Reference | Register 
Needed 


Instructions | Code (CS) 


Implicit Segment 
Selection Rule 


Instruction prefetch and 
immediate data. 

All stack pushes and 
pops; any memory 
references which use BP 
Register as a base 
register. 

All string instruction 
references which use 

the DI register as an 
index. 

Local Data | Data (DS) | All other data references. 


PROCESS 
DATA 
BLOCK 2 


t=. 
MEMORY 


Extra (ES) 
210706-6 


Figure 6. Segmented Memory Helps 
Structure Software 
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Addressing Modes 


The 80188 provides eight categories of addressing 
modes to specify operands. Two addressing modes 
are provided for instructions that operate on ee 
or immediate operands: 


e Register Operand Mode: The operand is located 
in one of the 8- or 16-bit general registers. 


e /mmediate Operand Mode: The operand is in- 
cluded in the instruction. 


Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: a seg- 
ment base and an offset. The segment base is sup- 
plied by a 16-bit segment register either implicitly 
chosen by the addressing mode or explicitly chosen 
by a segment override prefix. The offset, also called 
the effective address, is calculated by summing any 
combination of the following three address ele- 
ments: 


e the displacement (an 8- or 16-bit immediate value 
contained in the instruction); 


e the base (contents of either the BX or BP base 
registers); and 


e the index (contents of either the SI or DI index 
registers). 


Any carry out from the 16-bit addition is ignored. 
Eight-bit displacements are sign extended to 16-bit 
values. 


Combinations of these three address elements de- 
fine the six memory addressing modes, described 
below. 


e Direct Mode: The operand’s offset is contained in 
the instruction as an 8- or 16-bit displacement el- 
ement. 


e Register Indirect Mode: The operand’s offset is in 
one of the registers SI, DI, BX, or BP. 


e Based Mode: The operand’s offset is the sum of 
an 8- or 16-bit displacement and the contents of 
a base register (BX or BP). 


e /ndexed Mode: The operand’s offset is the sum 
of an 8- or 16-bit displacement and the contents 
of an index register (SI or Dl). 


e Based Indexed Mode: The operand’s offset is the 
sum of the contents of a base register and an 
index register. 


e Based Indexed Mode with Displacement: The op- 
erand’s offset is the sum of a base register’s con- 
tents, an index register’s contents, and an 8- or 
16-bit displacement. 


Data Types 


The 80188 directly supports the fokoiviog.. data 
types: 


e /nteger: A signed binary numeric value contained 
in an 8-bit byte or a 16-bit word. All operations 
assume a 2’s complement representation. 
Signed 32- and 64-bit integers are supported us- 
ing the 8087 Numeric Data Coprocessor with the 
80188. 


¢ Ordinal: An unsigned binary numeric value con- 
tained in an 8-bit byte or a 16-bit word. 


e Pointer: A 16- or 32-bit quantity, composed of a 
16-bit offset component or a 16-bit segment base 
component in addition to a 16-bit offset compo- 
nent. 


e String: A contiguous sequence of bytes or words. 
A string may contain from 1 to 64K bytes. 


e ASCI/: A byte representation of alphanumeric and 
control characters using the ASCII standard of 
character representation. 


e BCD: A byte ao am representation of the 
decimal digits 0- 


e Packed BCD: A ae (packed) representation of 
two decimal digits (0-9). One digit is stored in 
each nibble (4-bits) of the byte. 


e Floating Point: A signed 32-, 64-, or 80-bit real 
number representation. (Floating point operands 
are supported using the 8087 Numeric Data Co- 
processor with the 80188.) 


In general, individual data elements must fit within 
defined segment limits. Figure 7 graphically repre- 
sents the data types supported by the 80188. 


I/O Space 


The |/O space consists of 64K 8-bit or 32K 16-bit 
ports. Separate instructions address the I/O space 
with either an 8-bit port address, specified in the in- 
struction, or a 16-bit port address in the DX register. 
8-bit port addresses are zero extended such that 
Ai5-Ag are LOW. I/O port addresses OOF8(H) 
through OOFF(H) are reserved. 


interrupts 


An interrupt transfers execution to a new program 
location. The old program address (CS:IP) and ma- 
chine state (Status Word) are saved on the stack to 
allow resumption of the interrupted program. Inter- 
rupts fall into three classes: hardware initiated, INT 
instructions, and instruction exceptions. Hardware 
initiated interrupts occur in response to an external 
input and are classified as non-maskable or mask- 
able. 
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NOTE: 
*Supported using an 8078 Numeric Data Coprocessor 
with the 80188. 


Figure 7. 80188 Supported Data Types 


Programs may cause an interrupt with an INT in- 
struction. Instruction exceptions occur when an un- 
usual condition, which prevents further instruction 
processing, is detected while attempting to execute 
an instruction. If the exception was caused by exe- 
cuting an ESC instruction with the ESC trap bit set in 
the relocation register, the return instruction will 
point to the ESC instruction, or to the segment over- 
ride prefix immediately preceding the ESC instruc- 
tion if the prefix was present. In all other cases, the 


return address from an exception will point at the 
instruction immediately following the instruction 
causing the exception. 


A table containing up to 256 pointers defines the 
proper interrupt service routine for each interrupt. In- 
terrupts 0-31, some of which are used for instruc- 
tion exceptions, are reserved. Table 4 shows the 
80188 predefined types and default priority levels. 
For each interrupt, an 8-bit vector must be supplied 
to the 80188 which identifies the appropriate table 
entry. Exceptions supply the interrupt vector inter- 
nally. In addition, internal peripherals and noncas- 
caded external interrupts will generate their own 
vectors through the internal interrupt controller. INT 
instructions contain or imply the vector and allow 
access to all 256 interrupts. Maskable hardware ini- 
tiated interrupts supply the 8-bit vector to the CPU 
during an interrupt acknowledge bus sequence. 
Non-maskable hardware interrupts use a predefined 
internally supplied vector. 


interrupt Sources 


The 80188 can service interrupts generated by soft- 
ware or hardware. The software interrupts are gen- 
erated by specific instructions (INT, ESC, unused 
OP, etc.) or the results of conditions specified by 
instructions (array bounds check, INTO, DIV, IDIV, 
etc.). All interrupt sources are serviced by an indirect 
call through an element of a vector table. This vector 
table is indexed by using the interrupt vector type 
(Table 4), multiplied by four. All hardware-generated 
interrupts are sampled at the end of each instruc- 
tion. Thus, the software interrupts will begin service 
first. Once the service routine is entered and inter- 
rupts are enabled, any hardware source of sufficient 
priority can interrupt the service routine in progress. 


The software generated 80188 interrupts are de- 
scribed below. 


DIVIDE ERROR EXCEPTION (TYPE 0) 


Generated when a DIV or IDIV instruction quotient 
cannot be expressed in the number of bits in the 
destination. 


SINGLE-STEP INTERRUPT (TYPE 1) 


Generated after most instructions if the TF flag is 
set. Interrupts will not be generated after prefix in- 
structions (e.g., REP); instructions which modify seg- 
ment registers (e.g., POP DS), or the WAIT instruc- 
tion. 


NON-MASKABLE INTERRUPT—NMI (TYPE 2) 


An external interrupt source which cannot be 
masked. 
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Divide Error 
Exception 

Single Step All 
Interrupt 

NMI All 

Breakpoint INT 
Interrupt 

INTO Detected 
Overflow 
Exception 

Array Bounds 
Exception 

Unused-Opcode 
Exception 

ESC Opcode 
Exception 

Timer 0 Interrupt 

Timer 1 Interrupt dl 

Timer 2 Interrupt aur 

Reserved 3 

DMA 0 Interrupt 

DMA 1 Interrupt 

INTO Interrupt 

INT1 Interrupt 

INT2 Interrupt 

INT3 Interrupt 


INTO 


BOUND 


Undefined 
Opcodes 
ESC Opcodes 


acs (dine 


oAtes™ 


NOTES: 

*1. These are generated as the result of an instruction exe- 
cution. 

**2. This is handled as in the 8088. 

****3_ All three timers constitute one source of request to 
the interrupt controller. The Timer Interrupts all have the 
same default priority level with respect to all other interrupt 
sources. However, they have a defined priority ordering 
amongst themselves. (Priority 2A is higher priority than 2B.) 
Each Timer Interrupt has a separate vector type number. 
4. Default priorities for the interrupt sources are used only if 
the user does not program each source into a unique prior- 
ity level. 

***5. An escape opcode will cause a trap only if the proper 
bit is set in the peripheral control block relocation register. 


BREAKPOINT INTERRUPT (TYPE 3) 


A one-byte version of the INT instruction. It uses 12 
as an index into the service routine address table 
(because it is a type 3 interrupt). 


INTO DETECTED OVERFLOW EXCEPTION 
(TYPE 4) 


Generated during an INTO instruction if the OF bit is 
set. 


ARRAY BOUNDS EXCEPTION (TYPE 5) 


Generated during a BOUND instruction if the array 
index is outside the array bounds. The array bounds 
are located in memory at a location indicated by one 
of the instruction operands. The other operand indi- 
cates the value of the index to be checked. 


UNUSED OPCODE EXCEPTION (TYPE 6) 


Generated if execution is attempted on undefined 
opcodes. 


ESCAPE OPCODE EXCEPTION (TYPE 7) 


Generated if execution is attempted of ESC opcodes 
(D8H-—DFH). This exception will only be generated if 
a bit in the relocation register is set. The return ad- — 
dress of this exception will point to the ESC instruc- 
tion causing the exception. If a segment override 
prefix preceded the ESC instruction, the return ad- 
dress will point to the segment override prefix. 


Hardware-generated interrupts are divided into two 
groups: maskable interrupts and non-maskable in- 
terrupts. The 80188 provides maskable hardware in- 
terrupt request pins INTO-INTS. In addition, mask-. 
able interrupts may be generated by the 80188 inte- 
grated DMA controller and the integrated timer unit. 
The vector types for these interrupts are shown in 
Table 4. Software enables these inputs by setting 
the Interrupt Flag bit (IF) in the Status Word. The 
interrupt controller is discussed in the peripheral 
section of this data sheet. 


Further maskable interrupts are disabled while serv- 
icing an interrupt because the IF bit is reset as part 
of the response to an interrupt or exception. The 
saved Status Word will reflect the enable status of 
the processor prior to the interrupt. The interrupt flag 
will remain zero unless specifically set. The interrupt 
return instruction restores the Status Word, thereby 
restoring the original status of IF bit. If the interrupt 
return re-enables interrupts, and another interrupt is 
pending, the 80188 will immediately service the 
highest-priority interrupt pending, i.e., no instructions 
of the main line program will be executed. 


Non-Maskable Interrupt Request (NMI) 


A non-maskable interrupt (NMI) is also provided. 
This interrupt is serviced regardless of the state of 
the IF bit. A typical use of NMI would be to activate a 
power failure routine. The activation of this input 
causes an interrupt with an internally supplied vector 
value of 2. No external interrupt acknowledge se- 
quence is performed. The IF bit is cleared at the 
beginning of an NMI interrupt to prevent maskable 
interrupts from being serviced. 
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Single-Step Interrupt 


The 80188 has an internal interrupt that allows pro- 
grams to execute one instruction at a time. It is 
called the single-step interrupt and is controlled by 
the single-step flag bit (TF) in the Status Word. Once 
this bit is set, an internal single-step interrupt will 
occur after the next instruction has been executed. 
The interrupt clears the TF bit and uses an internally 
supplied vector of 1. The IRET instruction is used to 
set the TF bit and transfer control to the next instruc- 
tion to be single-stepped. 


Initialization and Processor Reset 


Processor initialization or startup is accomplished by 
driving the RES input pin LOW. RES forces the 
80188 to terminate all execution and local bus activi- 
ty. No instruction or bus activity will occur as long as 
RES is active. After RES becomes inactive and an 
internal processing interval elapses, the 80188 be- 
gins execution with the instruction at physical loca- 
tion FFFFO(H). RES also sets some registers to pre- 
defined values as shown in Table 5. 


Table 5. 80188 Initial Register State after RESET 


Status Word 
Instruction Pointer 
Code Segment 
Data Segment 


F002(H) 
0000(H) 
FFFF(H) 
0000(H) 
0000(H) 
0000(H) 
20FF(H) 
FFFB(H) 


Extra Segment 
Stack Segment 
Relocation Register 
UMCS 


THE 80188 COMPARED TO 
THE 80186 


The 80188 CPU is an 8-bit processor designed 
around the 80186 internal structure. Most internal 
functions of the 80188 are identical to the equivalent 
80186 functions. The 80188 handles the external 
bus the same way the 80186 does with the distinc- 
tion of handling only 8 bits at a time. Sixteen bit op- 


- @rands are fetched or written in two consecutive bus 


cycles. Both processors will appear identical to the 


software engineer, with the exception of execution 
time. The internal register structure is identical and 
all instructions have the same end result. The differ- 
ences between the 80188 and the 80186 are out- 
lined below. Internally, there are three differences 
between the 80188 and the 80186. All changes are 
related to the 8-bit bus interface. 


e The queue length is 4 bytes in the 80188, where- 
as the 80186 queue contains 6 bytes, or three 
words. The queue was shortened to prevent 
overuse of the bus by the BIU when prefetching 
instructions. This was required because of the 
additional time necessary to fetch instructions 8 
bits at a time. 


e To further optimize the queue, the prefetching al- 
gorithm was changed. The 80188 BIU will fetch a 
new instruction to load into the queue each time 
there is a 1-byte hole (space available) in the 
queue. The 80186 waits until a 2-byte space is 
available. 


e The internal execution time of the instruction is 
affected by the 8-bit interface. All 16-bit fetches 
and writes from/to memory take an additional 
four clock cycles. The CPU may also be limited 
by the speed of instruction fetches when a series 
of simple operations occur. When the more so- 
phisticated instructions of the 80188 are being 
used, the queue has time to fill and the execution 
proceeds as fast as the execution unit will allow. 


The 80188 and 80186 are completely software com- 
patible by virtue of their identical execution units. 
Software that is system dependent may not be com- 
pletely transferable, but software that is not system 
dependent will operate equally well on an 80188 or 
an 80186. 


The hardware interface of the 80188 contains the 
major differences between the two CPUs. The pin 
assignments are nearly identical, however, with the 
following functional changes. 


e A8—A15—These pins are only address outputs 
on the 80188. These address lines are latched 
internally and remain valid throughout a bus cycle 
in a manner similar to the 8085 upper address 
lines. 


e BHE has no meaning on the 80188 and has been 
eliminated. 
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80188 Clock Generator 


The 80188 provides an on-chip clock generator for 
both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide- 
by-two counter, synchronous and asynchronous 
ready inputs, and reset circuitry. 


Oscillator 


The oscillator circuit of the 80188 is designed to be 
used with a parallel resonant fundamental mode 
crystal. This is used as the time base for the 80188. 
The crystal frequency selected will be double the 
CPU clock frequency. Use of an LC or RC circuit is 
not recommended with this oscillator. If an external 
oscillator is used, it can be connected directly to in- 
put pin X71 in lieu of a crystal. The output of the oscil- 
lator is not directly available outside the 80188. The 
recommended crystal configuration is shown in Fig- 
ure 8. 


80188-10 (10 MHz) | 20 | 
80188 (8 MHz) 4g 
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Figure 8. Recommended 80188 
Crystal Configuration 


The following parameters may be used for choosing 
a crystal: 


Temperature Range: 0 to 70°C 
ESR (Equivalent Series Resistance): 302M max 
Co (Shunt Capacitance of Crystal): 7.0 pf max 
C, (Load Capacitance): 20 pf +2of 
Drive Level: 1 mW max 
Clock Generator 


The 80188 clock generator provides the 50% duty 
cycle processor clock for the 80188. It does this by 
dividing the oscillator output by 2 forming the sym- 
metrical clock. If an external oscillator is used, the 
state of the clock generator will change on the fall- 
ing edge of the oscillator signal. The CLKOUT pin 
provides the processor clock signal for use outside 
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the 80188. This may be used to drive other system 
components. All timings are referenced to the output 
clock. 


READY Synchronization 


The 80188 provides both synchronous and asyn- 
chronous ready inputs. Asynchronous ready syn- 
chronization is accomplished by circuitry which sam- 
ples ARDY in the middle of To, Tz and again in the 
middie of each Tw until ARDY is sampled HIGH. 
One-half CLKOUT cycle of resolution time is used. 
Full synchronization is performed only on the rising 
edge of ARDY, i.e., the falling edge of ARDY must 
be synchronized to the CLKOUT signal if it will occur 
during To, T3, or Tw. HIGH-to-LOW transitions of 
ARDY must be performed irda sd to the CPU 
clock. 


A second ready input (SRDY) is provided to inter- 
face with externally synchronized ready signals. This 
input is sampled at the end of To, Tg and again at 
the end of each Tw until it is sampled HIGH. By 
using this input rather than the asynchronous ready 
input, the half-clock cycle resolution time penalty is 
eliminated. 


This input must satisfy set-up and hold times to guar- 
antee proper operation of the circuit. 


In addition, the 80188, as part of the integrated chip- 
select logic, has the capability to program WAIT 
states for memory and peripheral blocks. This is dis- 
cussed in the Chip Select/Ready Logic description. 


RESET Logic 


The 80188 provides both a RES input pin and a syn- 
chronized RESET pin for use with other system 
components. The RES input pin on the 80188 is pro- 
vided with hysteresis in order to facilitate power-on 
Reset generation via an RC network. RESET is 
guaranteed | to remain active for at least five clocks 


given a RES input of at least six clocks. RESET may 


be delayed up to two and one-half clocks behind 
RES. 


Multiple 80188 processors may be synchronized 
through the RES input pin, since this input resets 
both the processor and divide-by-two internal count- 
er in the clock generator. In order to insure that the 
divide-by-two counters all begin counting at the 
same time, the active going edge of RES must satis- 
fy a 25 ns setup time before the falling edge of the 
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80188 clock input. In addition, in order to insure that 
all CPUs begin executing in the same clock cycle, 
the reset must satisfy a 25 ns setup time before the 
rising edge of the CLKOUT signal of all the proces- 
sors. 


LOCAL BUS CONTROLLER 


The 80188 provides a local bus controller to gener- 
ate the local bus control signals. In addition, it em- 
ploys a HOLD/HLDA protocol for relinquishing the 
local bus to other bus masters. It also provides con- 
trol lines that can be used to enable external buffers 
and to direct the flow of data on and off the local 
bus. 


Memory/Peripheral Control 


The 80188 provides ALE, RD, and WR bus control 
signals. The RD and WR signals are used to strobe 
data from memory to the 80188 or to strobe data 
from the 80188 to memory. The ALE line provides a 
strobe to address latches for the multiplexed ad- 
dress/data bus. The 80188 local bus controller does 
not provide a memory/I/O signal. If this is required, 
the user will have to use the S2 signal (which will 
require external latching), make the memory and I/O 
spaces nonoverlapping, or use only the integrated 
chip-select circuitry. 


Transceiver Control 


The 80188 generates two control signals to be con- 
nected to 8286/8287 transceiver chips. This capa- 
bility allows the addition of transceivers for extra 
buffering without adding external logic. These con- 
trol lines, DT/R and DEN, are generated to control 
the flow of data through the transceivers. The opera- 
tion of these signals is shown in Table 6. 


Table 6. Transceiver Control Signals Description 


DEN (Data Enable) 


Enables the output 
drivers of the 
transceivers. It is active 
LOW during memory, 
I/O, or INTA cycles. 
Determines the direction 
of travel through the 
transceivers. A HIGH 
level directs data away 
from the processor 
during write operations, 
while a LOW level directs 
data toward the 
processor during a read 
operation. 


DT/R (Data Transmit/ 
Receive) 
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Local Bus Arbitration 


The 80188 uses a HOLD/HLDA system of local bus 
exchange. This provides an asynchronous bus ex- 
change mechanism. This means multiple masters 
utilizing the same bus can operate at separate clock 
frequencies. The 80188 provides a single HOLD/ 
HLDA pair through which all other bus masters may 
gain control of the local bus. This requires external 
circuitry to arbitrate which external device will gain 
control of the bus from the 80188 when there is 
more than one alternate local bus master. When 
the 80188 relinquishes ae of the local bus, it 
A8-A19, S7, and DT/ R to <allon another maetst to 
drive these lines directly. 


The 80188 HOLD latency time, i.e., the time be- 
tween HOLD request and HOLD acknowledge, is a 
function of the activity occurring in the processor 
when the HOLD request is received. A HOLD re- 
quest is the highest-priority activity request which 
the processor may receive: higher than instruction 
fetching or internal DMA cycles. However, if a DMA 
cycle is in progress, the 80188 will complete the 
transfer before relinquishing the bus. This implies 
that if a HOLD request is received just as a DMA 
transfer begins, the HOLD latency time can be as 
great as 4 bus cycles. This will occur if a DMA word 
transfer operation is taking place from an odd ad- 
dress to an odd address. This is a total of 16 clocks 
or more, if WAIT states are required. In addition, if 
locked transfers are performed, the HOLD latency 
time will be increased by the length of the locked 
transfer. 


Local Bus Controller and Reset 


Upon receipt of a RESET pulse from the RES input, 
the local bus controller will perform the following ac- 
tions: 


e Drive DEN, RD, and WR HIGH for one clock cy- 
cle, then float. 


Siders NOTE: 

RD is also provided with an internal pull-up device 
to prevent the processor from inadvertently enter- 
ing Queue Status mode during reset. 


¢ Drive SO-S2 to the passive state (all HIGH) and 
then float. 


@ Drive LOCK HIGH and then float. 

e Three-state ADO-7, A8-19, S7, DT/R. 
e Drive ALE LOW (ALE is never floated). 
e Drive HLDA LOW. 
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INTERNAL PERIPHERAL INTERFACE 


All the 80188 integrated peripherals are controlled 
via 16-bit registers contained within an internal 256- 
byte control block. This control block may be 
mapped into either memory or I/O space. Internal 
logic will recognize the address and respond to the 
bus cycle. During bus cycles to internal registers, the 
bus controller will signal the operation externally 
(i.e., the RD, WR, status, address, data, etc., lines 
will be driven as in a normal bus cycle), but D7_o, 
SRDY, and ARDY will be ignored. The base address 
of the control block must be on an even 256-byte 
boundary (i.e., the lower 8 bits of the base address 
are all zeros). All of the defined registers within this 
control block may be read or written by the 80188 
CPU at any time. The location of any register con- 
tained within the 256-byte control block is deter- 
mined by the current base address of the control 
block. 


The control block base address is programmed via a 
16-bit relocation register contained within the control 
block at offset FEH from the base address of the 
control block (see Figure 9). It provides the upper 12 
bits of the base address of the control block. Note 
that mapping the control register block into an ad- 
dress range corresponding to a chip-select range is 
not recommended (the chip select circuitry is dis- 
cussed later in this data sheet. In addition, bit 12 of 
this register determines whether the control block 
will be mapped into |/O or memory space. If this bit 
is 1, the control block will be located in memory 
space, whereas if the bit is 0, the control block will 
be located in I/O space. If the control register block 
is mapped into I/O space, the upper 4 bits of the 
base address must be programmed as 0 (since I/O 
addresses are only 16 bits wide). 


Whenever mapping the 188 peripheral control block 
to another location, the programming of the reloca- 
tion register should be done with a byte write (i.e. 
OUT DX,AL). Any access to the control block is 
done 16 bits at a time. Thus, internally, the reloca- 
tion register will get written with 16 bits of the AX 
register while externally, the BIU will run only one 8 
bit bus cycle. If a word instruction is used (i.e. OUT 
DX,AX), the relocation register will be written on the 
first bus cycle. The BIU will then run a second bus 
cycle which is unnecessary. The address of the sec- 
ond bus cycle will no longer be within the control 
block (i.e. the control block was moved on the first 
cycle), and therefore, will require the generation of 
an external ready signal to complete the cycle. For 
this reason we recommend byte operations to the 
relocation register. Byte instructions may also be 
used for the other registers in the control block 


and will eliminate half of the bus cycles required if a 
word operation had been specified. Byte operations © 
are only valid on even addresses though, and are 
undefined on odd addresses. 


In addition to providing relocation information for the 
control block, the relocation register contains bits 
which place the interrupt controller into slave mode, 
and cause the CPU to interrupt upon encountering 
ESC instructions. At RESET, the relocation register 
is set to 20FFH. This causes the control block to 
start at FFOOH in I/O space. An offset map of the 
256-byte control register block is shown in Figure 
10. 


The integrated 80188 peripherals operate semi-au- 
tonomously from the CPU. Access to them for the 
most part is via software read/write of the control 
and data locations in the control block. Most of 
these registers can be both read and written. A few 
dedicated lines, such as interrupts and DMA request 
provide real-time communication between the CPU 
and peripherals as in a more conventional system 
utilizing discrete peripheral blocks. The overall inter- 
action and function of the peripheral blocks has not 
substantially changed. The data access from/to the 
256-byte internal control block will always be 16-bit 
and done in one bus cycle. Externally the BIU will 
still run two bus cycles for each 16-bit operation. 


CHIP-SELECT/READY GENERATION 
LOGIC 


The 80188 contains logic which provides program- 
mable chip-select generation for both memories and 
peripherals. In addition, it can be programmed to 
provide READY (or WAIT state) generation. It can 
also provide latched address bits A1 and A2. The 
chip-select lines are active for all memory and |/O 
cycles in their programmed areas, whether they be 
generated by the CPU or by the integrated DMA unit. 


Memory Chip Selects 


The 80188 provides 6 memory chip select outputs 
for 3 address areas: upper memory, lower memory, 
and midrange memory. One each is provided for up- 
per memory and lower memory, while four are pro- 
vided for midrange memory. 


The range for each chip select is user-programma- 
ble and can be set to 2K, 4K, 8K, 16K, 32K, 64K, 
128K (plus 1K and 256K for upper and lower chip 
selects). In addition, the beginning or base address 


22-127 


Ba ene 


14 13... :12 | 


9 8 7 6 5 4 3 2 1 0 


15 
OFFSET: FEH SLAVE/MASTER | X |M/IO Relocation Address Bits R19-R8 


ET = ESC Trap / No ESC Trap (1/0) 


M/IO = Register block located in Memory / 1/O Space (1/0) 
SLAVE/MASTER = Configure interrupt controller for Slave/ MASTER Mode (1/0) 


Figure 9. Relocation Register 
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Relocation Register 


DMA Descriptors Channel 1 
DMA Descriptors Channel 0 


Chip-Select Control Registers 


Timer 2 Control Registers 
Timer 1 Control Registers 3 


Timer 0 Control Registers 


Interrupt Controller Registers 


Figure 10. Internal Register Map 


of the midrange memory chip select may also be 
selected. Only one chip select may be programmed 
to be active for any memory location at a time. All 
chip select sizes are in bytes. 


Upper Memory CS 


The 80188 provides a chip select, called UCS, for 
the top of memory. The top of memory is usually 
used as the system memory because after reset the 
80188 begins executing at memory location 
FFFFOH. 


The upper limit of memory defined by this chip select 
is always FFFFFH, while the lower limit is program- 
mable. By programming the lower limit, the size of 
the select block is also defined. Table 7 shows the 
relationship between the base address selected and 
the size of the memory block obtained. 


Table 7. UMCS Programming Values 


Starting 
Address 
(Base 
Address) 


‘UMCS Value 
(Assuming 
RO=R1=R2=0) 


The lower limit of this memory block is defined in the 
UMCS register (see Figure 11). This register is at 
offset AOH in the internal control block. The legal 
values for bits 6-13 and the resulting starting ad- 
dress and memory block sizes are given in Table 7. 
Any combination of bits 6-13 not shown in Table 7 
will result in undefined operation. After reset, the 
UMCS register is programmed for a 1K area. It must 
be reprogrammed if a larger upper memory area is 
desired. 


Any internally generated 20-bit address whose up- 
per 16 bits are greater than or equal to UMCS (with 
bits O-5 “0”’) will cause UCS to be activated. UMCS 
bits R2—R0 are used to specify READY mode for the 
area of memory defined by this chip-select register, 
as explained below. 


Lower Memory CS 


The 80188 provides a chip select for low memory 
called LCS. The bottom of memory contains the in- 
terrupt vector table, starting at location OOOOOH. 
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The lower limit of memory defined by this chip select 
is always OH, while the upper limit is programmable. 
By programming the upper limit, the size of the 
memory block is also defined. Table 8 shows the 
relationship between the upper address selected 
and the size of the memory block obtained. 


Table 8. LMCS Programming Values 


LMCS Value 
(Assuming 
RO=R1=R2=0) 


Upper 
Address 


003FFH 
007FFH 
OOFFFH 


01FFFH 
O3FFFH 
O7FFFH 
OFFFFH 
1FFFFH 
3FFFFH 


The upper limit of this memory block is defined in the 


LMCS register (see Figure 12). This register is at 
offset A2H in the internal control block. The legal 
values for bits 6-15 and the resulting upper address 
and memory block sizes are given in Table 8. Any 
combination of bits 6-15 not shown in Table 8 will 
result in undefined operation. After reset, the LMCS 
register value is undefined. However, the LCS chip- 
select line will not become active until the LMCS 
register is accessed. 


Any internally generated 20-bit address whose up- 
per 16 bits are less than or equal to LMCS (with bits 
0-5 ‘1”’) will cause LCS to be active. LMCS register 
bits R2—RO0 are used to specify the READY mode for 
the area of memory defined by this chip-select regis- 
ter. 


Mid-Range Memory CS 


The 80188 provides four MCS lines which are active 
within a user-locatable memory block. This block 
can be located within the 80188 1M byte memory 
address space exclusive of the areas defined by 
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UCS and LCS. Both the base address and size of 
this memory block are programmable. 


The size of the memory block defined by the mid- 
range select lines, as shown in Table 9, is deter- 
mined by bits 8—14 of the MPCS register (see Figure 
13). This register is at location A8H in the internal 
control block. One and only one of bits 8-14 must 
be set at a time. Unpredictable operation of the MCS 
lines will otherwise occur. Each of the four chip-se- 
lect lines is active for one of the four equal contigu- 
ous divisions of the mid-range block. Thus, if the to- 
tal block size is 32K, each chip select is active for 8K 
of memory with MCSO being active for the first range 
and MCS3 being active for the last range. 


The EX and MS in MPCS relate to peripheral func- 
tionality as described in a later section. 


Table 9. MPCS Programming Values 


Total Block Individual MPCS Bits 
Size Select Size 14-8 


0000001B 
0000010B 
0000100B 
0001000B 
0010000B 
0100000B 
1000000B 


The base address of the mid-range memory block is 
defined by bits 15-9 of the MMCS register (see Fig- 
ure 14). This register is at offset A6H in the internal 


control block. These bits correspond to bits 
A19-A13 of the 20-bit memory address. Bits 
A12-A0 of the base address are always 0. The base 
address may be set at any integer multiple of the 
size of the total memory block selected. For exam- 
ple, if the mid-range block size is 32K (or the size of 
the block for which each MCS line is active is 8k), 
the block could be located at 10000H or 18000H, 
but not at 14000H, since the first few integer multi- 
ples of a 32K memory block are OH, 8000H, 
10000H, 18000H, etc. After reset, the contents of 
both of these registers is undefined. However, none 
of the MCS lines will be active until both the MMCS 
and MPCS registers are accessed. 
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Figure 11. UMCS Register 
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Figure 12. LMCS Register 
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Figure 13. MPCS Register 


) Figure 14. MMCS Register 


MMCS bits R2-RO specify READY mode of opera- 
tion for all mid-range chip selects. All devices in mid- 
range memory must use the same number of WAIT 
states. 


The 512K block size for the mid-range memory chip 
selects is a special case. When using 512K, the 
base address would have to be at either locations 
OOOOOH or 80000H. If it were to be programmed at 
OO000H when the LCS line was programmed, there 
would be an internal conflict between the LCS ready 
generation logic and the MCS ready generation log- 
ic. Likewise, if the base address were programmed 
at 80000H, there would be a conflict with the UCS 
ready generation logic. Since the LCS chip-select 
line does not become active until programmed, while 
the UCS line is active at reset, the memory base can 
be set only at OOOOOH. If this base address is select- 
ed, however, the LCS range must not be pro- 
grammed. 


Peripheral Chip Selects 


The 80188 can generate chip selects for up to seven 
peripheral devices. These chip selects are active for 
seven contiguous blocks of 128 bytes above a pro- 
grammable base address. This base address may 
be located in either memory or I/O space. 


Seven CS lines called PCSO-6 are generated by the 
80188. The base address is user-programmable; 
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however it can only be a multiple of 1K bytes, i.e., 
the least significant 10 bits of the starting address 
are always 0. 


PCS5 and PCS6 can also be programmed to provide 
latched address bits A1, A2. If so programmed, they 
cannot be used as peripheral selects. These outputs 
can be connected directly to the AO, A1 pins used 
for selecting internal registers of 8-bit peripheral 
chips. This scheme simplifies the hardware interface 
because the 8-bit registers of peripherals are simply 
treated as 16-bit registers located on even bounda- 
ries in |/O space or memory space where only the 
lower 8-bits of the register are significant: the upper 
8-bits are “don’t cares.” 


The starting address of the peripheral chip-select 
block is defined by the PACS register (see Figure 
15). This register is located at offset A4H in the inter- 
nal control block. Bits 15-6 of this register corre- 
spond to bits 19-10 of the 20-bit Programmable 
Base Address (PBA) of the peripheral chip-select 
block. Bits 9-0 of the PBA of the peripheral chip-se- 
lect block are all zeros. If the chip-select block is 
located in I/O space, bits 12-15 must be pro- 
grammed zero, since the |/O address is only 16 bits 
wide. Table 10 shows the address range of each 
peripheral chip select with respect to the PBA con- 
tained in PACS register. 


0 


Figure 15. PACS Register 
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The user should program bits 15-6 to correspond to 
the desired peripheral base location. PACS bits 0-2 
are used to specify READY mode for PCSO-PCS3. 


Table 10. PCS Address Ranges 


PBA —PBA-+ 127 
PBA+ 128—PBA+ 255 
PBA + 256—PBA + 383 


PBA + 384—PBA+ 511 
PBA + 512—PBA+ 639 
PBA + 640—PBA + 767 
PBA + 768—PBA + 895 


The mode of operation of the peripheral chip selects 
is defined by the MPCS register (which is also used 
to set the size of the mid-range memory chip-select 
block, see Figure 13). This register is located at off- 
set A8H in the internal control block. Bit 7 is used to 
select the function of PCS5 and PCS6, while bit 6 is 
used to select whether the peripheral chip selects 
are mapped into memory or I/O space. Table 11 
describes the programming of these bits. After reset, 
the contents of both the MPCS and the PACS regis- 
ters are undefined, however none of the PCS lines 
will be active until both of the MPCS and PACS reg- 
isters are accessed. 


Table 11. MS, EX Programming Values 


| Bit | Description 


MS | 1 = Peripherals mapped into memory space. 
0 = Peripherals mapped into I/O space. 
EX | 0 = 5 PCS lines. A1, A2 provided. 

1 = 7 PCS lines. A1, A2 are not provided. 


MPCS bits 0-2 are used to specify READY mode for 
PCS4-PCS6 as outlined below. 


READY Generation Logic 


The 80188 can generate a “READY” signal internal- 
ly for each of the memory or peripheral CS lines. The 
number of WAIT states to be inserted for each pe- 
ripheral or memory is programmable to provide 0-3 
wait states for all accesses to the area for which the 
chip select is active. In addition, the 80188 may be 
programmed to either ignore external READY for 
each chip-select range individually or to factor exter- 
nal READY with the integrated ready generator. 


READY control consists of 3 bits for each CS line or 
group of lines generated by the 80188. The interpre- 
tation of the ready bits is shown in Table 12. 
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Table 12. READY Bits Programming 


0 wait states, external RDY 

also used. 

1 wait state inserted, external RDY 
also used. 

2 wait states inserted, external RDY 
also used. 

3 wait states inserted, external RDY 


also used. 

0 wait states, external RDY 
ignored. 

1 wait state inserted, external RDY 
ignored. 

2 wait states inserted, external RDY 
ignored. 

3 wait states inserted, external RDY 
ignored. 


The internal ready generator operates in parallel 
with external READY, not in series if the external 
READY is used (R2 = 0). This means, for example, 
if the internal generator is set to insert two wait 
states, but activity on the external READY lines will 
insert four wait states, the processor will only insert 
four wait states, not six. This is because the two wait 
states generated by the internal generator over- 
lapped the first two wait states generated by the ex- 
ternal ready signal. Note that the external ARDY and 
SRDY lines are always ignored during cycles ac- 
cessing internal peripherals. 


R2-RO0O of each control word specifies the READY 
mode for the corresponding block, with the excep- 
tion of the peripheral chip selects: R2-RO of PACS 
set the PCSO-3 READY mode, R2-—RO0O of MPCS set 
the PCS4-6 READY mode. 


Chip Select/Ready Logic and Reset 


Upon reset, the Chip-Select/Ready Logic will per- 
form the following actions: 


e All chip-select outputs will be driven HIGH. 


e Upon leaving RESET, the UCS line will be pro- 
grammed to provide chip selects to a 1K block 
with the accompanying READY control bits set at 
011 to allow the maximum number of internal wait 
states in conjunction with external Ready consid- 
eration (i.e., UMCS resets to FFFBH). 


e No other chip select or READY control registers 
have any predefined values after RESET. They 
will not become active until the CPU accesses 
their control registers. Both the PACS and MPCS 
registers must be accessed before the PCS lines 
will become active. 
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DMA Channels 


The 80188 DMA controller provides two indepen- 
dent DMA channels. Data transfers can occur be- 
tween memory and I/O spaces (e.g., Memory to I/O) 
or within the same space (e.g., Memory to Memory 
or I/O to 1/O). Each DMA channel maintains both a 
20-bit source and destination pointer which can be 
optionally incremented or decremented after each 
data transfer. Each data transfer consumes 2 bus 
cycles (a minimum of 8 clocks), one cycle to fetch 
data and the other to store data. This provides a 
data transfer rate of one MByte/sec at 8 MHz. 


DMA Operation 


Each channel has six registers in the control block 
which define each channel’s specific operation. The 
control registers consist of a 20-bit Source pointer (2 
words), a 20-bit Destination pointer (2 words), a 16- 
bit Transfer Counter, and a 16-bit Control Word. 


The format of the DMA Control Blocks is shown in 
Table 13. The Transfer Count Register (TC) speci- _ 
fies the number of DMA transfers to be performed. _ 
Up to 64K byte transfers can be performed with au- 
tomatic termination. The Control Word defines the 
channel’s operation (see Figure 17). All registers 
may be modified or altered during any DMA activity. 
Any changes made to these registers will be reflect- 

ed immediately in DMA operation. 


Table 13. DMA Control Block Format 


Register Address 


Register Name 


Control Word 

Transfer Count 

Destination Pointer (upper 4 
bits) 

Destination Pointer 

Source Pointer (upper 4 bits) 

Source Pointer 


20 BIT ADDER/SUBTRACTOR ADEER CONTROL 
LOGIC TIMER REQUEST 


Mi 


DEST. ADRS. POINTER CH. 0 
SRC. ADRS. POINTER CH. 0 


CONTROL 


DRQ1 pee 
REQUEST oS Eee | 

SELECTION | 

Logic | DRQ0 e | 

DMA 


LOGIC 


INTERRUPT 
REQUEST 


CHANNEL CONTROL WORD 1 | 


CHANNEL CONTROL WORD 0 


fel 


INTERNAL ADDRESS/DATA BUS , 


Figure 16. DMA Unit Block Diagram 
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X = Don’t Care 


Figure 17. DMA Control Register 


DMA Channel Control Word Register 


Each DMA Channel Control Word determines the 
mode of operation for the particular 80188 DMA 
channel. This register specifies: 


@ the mode of synchronization; 


e whether interrupts will be generated after the last 
transfer; 


e whether DMA activity will cease after a pro- 
grammed number of DMA cycles; 


e the relative priority of the DMA channel with re- 
spect to the other DMA channel; 


e whether the source pointer will be incremented, 
decremented, or maintained constant after each 
transfer; 


e whether the source pointer addresses memory or 
I/O space; 


e whether the destination pointer will be increment- 
ed, decremented, or maintained constant after 
each transfer; and 


e whether the destination pointer will address 
memory or I/O space. 


The DMA channel control registers may be changed 
while the channel is operating. However, any chang- 
es made during operation will affect the current DMA 
transfer. 


DMA Control Word Bit Descriptions 


ST/STOP: Start/stop (1/0) Channel. 


CHG/NOCHG: Change/Do not change (1/0) 
ST/STOP bit. If this bit is set when 
writing to the control word, the 
ST/STOP bit will be programmed 
by the write to the control word. If 
this bit is cleared when writing the 
control word, the ST/STOP bit will 
not be altered. This bit is not 
stored; it will always be a 0 on 
read. 


Enable Interrupts to CPU on byte 
count termination. 


INT: 


TC: If set, DMA will terminate when the 
contents of the Transfer Count regis- 
ter reaches zero. The ST/STOP bit 
will also be reset at this point if TC is 
set. If this bit is cleared, the DMA unit 
will decrement the transfer count reg- 
ister for each DMA cycle, but the 
DMA transfer will not stop when the 
contents of the TC register reaches 
zero. 


00 No Synchronization 
01 Source Synchronization 
NOTE: 


When unsynchronized transfers are 
specified, the TC bit will be ignored 
and the ST bit will be cleared upon 
the transfer count reaching zero, 
stopping the channel. 


10 Destination Synchronization 
11 Unused 


Increment source saciid by 1 after 
each transfer. 


M/IO Source pointer is in M/IO space (1/0). 


DEC Decrement source pointer by 1 after 
each transfer. 


INC Increment destination pointer by 1 af- 
ter each transfer. 


M/IO Destination pointer is in M/IO space 
(1/0). 


DEC Decrement destination pointer by 1 
after each transfer. 


P Channel priority—relative to other 
channel. 


0 low priority. 

1 high priority. 

Channels will alternate cycles if both 

set at same priority level. 

0: Disable DMA requests from timer 
2. 

1: Enable DMA requests from timer 
2. 

Bit 3 Bit 3 is not used. 

If both INC and DEC are specified for the same 


pointer, the pointer will remain constant after each 
cycle. 


SYN: 
(2 bits) 


SOURCE:INC 


DEST: 


TDRQ 
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DMA Destination and Source Pointer 
Registers 


Each DMA channel maintains a 20-bit source and a 
20-bit destination pointer. Each of these pointers 
takes up two full 16-bit registers in the peripheral 
control block. The lower four bits of the upper regis- 
ter contain the upper four bits of the 20-bit physical 
address (see Figure 18). These pointers may be indi- 
vidually incremented or decremented after each 
transfer. Each pointer may point into either memory 
or |/O space. Since the DMA channels can perform 
transfers to or from odd addresses, there is no re- 
striction on values for the pointer registers. 


DMA Transfer Count Register 


Each DMA channel maintains a 16-bit transfer count 
register (TC). This register is decremented after ev- 
ery DMA cycle, regardless of the state of the TC bit 
in the DMA Control Register. If the TC bit in the DMA 
control word is set or if unsynchronized transfers are 
programmed, DMA activity will terminate when the 
transfer count register reaches zero. 


DMA Requests 


Data transfers may be either source or destination 
synchronized, that is either the source of the data or 
the destination of the data may request the data 
transfer. In addition, DMA transfers may be unsyn- 


HIGHER 
REGISTER 
ADDRESS 


LOWER 


REGISTER 
ADDRESS 


chronized; that is, the transfer will take place contin- 
ually until the correct number of transfers has oc- 
curred. When source or unsynchronized transfers 
are performed, the DMA channel may begin another 
transfer immediately after the end of a previous 
DMA transfer. This allows a complete transfer to 
take place every 2 bus cycles or eight clock cycles 
(assuming no wait states). No prefetching occurs 
when source synchronized or unsynchronized trans- 
fers are performed, however. Data will not be 
fetched from the source address until the destina- 
tion device signals that it is ready to receive it. When 
destination synchronized transfers are requested, 
the DMA controller will relinquish control of the bus 
after every transfer. If no other bus activity is initiat- 
ed, another DMA cycle will begin after two processor 
clocks. This is done to allow the destination device 
time to remove its request if another transfer is not 
desired. Since the DMA controller will relinquish the 
bus, the CPU can initiate a bus cycle. As a result, a 
complete bus cycle will often be inserted between 
destination synchronized transfers. These lead to 
the maximum DMA transfer rates shown in Table 14. 


Table 14. Maximum DMA Transfer 
Rates @ 10 MHz 


Type of 
Synchronization 
Selected 


CPU Halted 


Unsynchronized 
Source Synch 
Destination Synch | 0.83 MBytes/sec| 1.0 MBytes/sec 


1.25 MBytes/sec| 1.25 MBytes/sec 
1.25 MBytes/sec| 1.25 MBytes/sec 


15 0 


XXX = Don’t Care 


Figure 18. DMA Memory Pointer Register Format 
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DMA Acknowledge 


No explicit DMA acknowledge pulse is provided. 
Since both source and destination pointers are 
maintained, a read from a requesting source, or a 
write to a requesting destination, should be used as 
the DMA acknowledge signal. Since the chip-select 
lines can be programmed to be active for a given 
block of memory or I/O space, and the DMA point- 
ers can be programmed to point to the same given 
block, a chip-select line could be used to indicate a 
DMA acknowledge. 


DMA Priority 


The DMA channels may be programmed such that 
one channel is always given priority over the other, 
or they may be programmed such as to alternate 
cycles when both have DMA requests pending. DMA 
cycles always have priority over internal CPU cycles 
except between locked memory accesses or word 


accesses to odd memory locations; however, an ex- . 


ternal bus hold takes priority over an internal DMA 
cycle. Because an interrupt request cannot suspend 
a DMA operation and the CPU cannot access mem- 
ory during a DMA cycle, interrupt latency time will 
suffer during sequences of continuous DMA cycles. 
An NMI request, however, will cause all internal 
DMA activity to halt. This allows the CPU to quickly 
respond to the NMI request. 


DMA Programming 


DMA cycles will occur whenever the ST/STOP bit of 
the Control Register is set. If synchronized transfers 


are programmed, a DRQ must also have been gen- 
erated. Therefore, the source and destination trans- 
fer pointers, and the transfer count register (if used) 
must be programmed before this bit is set. 


Each DMA register may be’ modified while the chan- 
nel is operating. If the CHG/NOCHG bit is cleared 
when the control register is written, the ST/STOP bit 
of the control register will not be modified by the 
write. If multiple channel registers are modified, it is 
recommended that a LOCKED string transfer be 
used to prevent a DMA transfer from occurring be- 
tween updates to the channel registers. 


DMA Channels and Reset 


Upon RESET, the DMA channels will perform the 
following actions: 


e The Start/Stop bit for each channel will be reset 
to STOP. 


e Any transfer in progress is aborted. 


TIMERS 


The 80188 provides three internal 16-bit program- 
mable timers (see Figure 19). Two of these are high- 
ly flexible and are connected to four external pins (2 
per timer). They can be used to count external 
events, time external events, generate nonrepetitive 
waveforms, etc. The third timer is not connected to 
any external pins, and is useful for real-time coding 
and time delay applications. In addition, this third 
timer can be used as a prescaler to the other two, or 
as a DMA request source. 


WORD 
if 


WORD WORD 


TIMER 2 
MAX COUNT VALUE 


MODE/CONTROL 


INTERNAL ADDRESS/DATA BUS 


ALL 16 BIT REGISTERS 


210706-10 


Figure 19. Timer Block Diagram 
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Timer Operation 


The timers are controlled by 11 16-bit registers in 
the internal peripheral control block. The configura- 
tion of these registers is shown in Table 15. The 
count register contains the current value of the tim- 
er. It can be read or written at any time independent 
of whether the timer is running or not. The value of 
this register will be incremented for each timer 
event. Each of the timers is equipped with a MAX 
COUNT register, which defines the maximum count 
the timer will reach. After reaching the MAX COUNT 
register value, the timer count value will reset to zero 
during that same clock, i.e., the maximum count val- 
ue is never stored in the count register itself. Timers 
0 and 1 are, in addition, equipped with a second 
MAX COUNT register, which enables the timers to 
alternate their count between two different MAX 
COUNT values programmed by the user. If a single 
MAX COUNT register is used, the timer output pin 
will switch LOW for a single clock, 2 clocks after the 
maximum count value has been reached. In the dual 
MAX COUNT register mode, the output pin will indi- 
cate which MAX COUNT register is currently in use, 
thus allowing nearly complete freedom in selecting 
waveform duty cycles. For the timers with two MAX 
COUNT registers, the RIU bit in the control register 
determines which is used for the comparison. 


Each timer gets serviced every fourth CPU-clock cy- 
cle, and thus can operate at speeds up to one-quar- 
ter the internal clock frequency (one-eighth the crys- 
tal rate). External clocking of the timers may be done 
at up to a rate of one-quarter of the internal CPU- 
clock rate (2 MHz for an 8 MHz CPU clock). Due to 
internal synchronization and pipelining of the timer 
Circuitry, a timer output may take up to 6 clocks to 
respond to any individual clock or gate input. 


15 


Since the count registers and the maximum count 
registers are all 16 bits wide, 16 bits of resolution are 
provided. Any Read or Write access to the timers will 
add one wait state to the minimum four-clock bus 
cycle, however. This is needed to synchronize and 
coordinate the internal data flows between the inter- 
nal timers and the internal bus. 


The timers have several programmable options. 


e All three timers can be set to halt or continue on 
a terminal count. 


e Timers 0 and 1 can select between internal and 
external clocks, alternate between MAX COUNT 
registers and be set to retrigger on external 
events. 


e The timers may be programmed to cause an in- 
terrupt on terminal count. 


These options are selectable via the timer mode/ 
control word. 


Timer Mode/Control Register 


The mode/control. register (see Figure 20) allows 
the user to program the specific mode of operation 
or check the current programmed status for any of 
the three integrated timers. 

Table 15. Timer Control Block Format 


Register Name Register Offset 


mr. 2 
Mode/Control Word| 56H | 5EH 66H 
Max Count B 54H 5CH | not present 
Max Count A 52H 5AH 62H 


Count Register 50H 58H 60H 


14 13 12 11 5 & 3 2 1 0 
| EN | INK [| int | RU | o | eee | mc {| Ata [| P | ext | ALT | CONT 


Figure 20. Timer Mode/Control Register 


22-136 


re 


9} ties Sm My seta ‘ ) ee 
of Stes SS ee 
ae ae oi 


ALT 


The ALT bit determines which of two MAX COUNT 
registers is used for count comparison. If ALT = 0, 
register A for that timer is always used, while if 
ALT = 1, the comparison will alternate between reg- 
ister A and register B when each maximum count is 
reached. This alternation allows the user to change 
one MAX COUNT register while the other is being 
used, and thus provides a method of generating 
non-repetitive waveforms. Square waves and pulse 
outputs of any duty cycle are a subset of available 
signals obtained by not changing the final count reg- 
isters. The ALT bit also determines the function of 
the timer output pin. If ALT is zero, the output pin will 
go LOW for one clock, the clock after the maximum 
count is reached. If ALT is one, the output pin will 
reflect the current MAX COUNT register being used 
(0/1 for B/A). 


CONT 


Setting the CONT bit causes the associated timer to 
run continuously, while resetting it causes the timer 
to halt upon maximum count. If CONT = 0 and ALT 
= 1, the timer will count to the MAX COUNT register 
A value, reset, count to the register B value, reset, 
and halt. 


EXT 


The external bit selects between internal and exter- 
nal clocking for the timer. The external signal may 
be asynchronous with respect to the 80188 clock. 
If this bit is set, the timer will count LOW-to-HIGH 
transitions on the input pin. If cleared, it will count an 
internal clock while using the input pin for control. In 
this mode, the function of the external pin is defined 
by the RTG bit. The maximum input to output tran- 
sition latency time may be as much as 6 clocks. 
However, clock inputs may be pipelined as closely 
together as every 4 clocks without losing clock puls- 
es. 


P 


The prescaler bit is ignored unless internal clocking 
has been selected (EXT = 0). If the P bit is a zero, 
the timer will count at one-fourth the internal CPU 
clock rate. If the P bit is a one, the output of timer 2 
will be used as a clock for the timer. Note that the 
user must initialize and start timer 2 to obtain the 
prescaled clock. 


RTG 


Retrigger bit is only active for internal clocking — 


(EXT = 0). In this case it determines the control 
function provided by the input pin. 


lf RTG = O, the input level gates the internal clock 
on and off. If the input pin is HIGH, the timer will 
count; if the input pin is LOW, the timer will hold its 
value. As indicated previously, the input signal may 
be asynchronous with respect to the 80188 clock. 


When RTG = 1, the input pin detects LOW-to-HIGH 
transitions. The first such transition starts the timer 
running, clearing the timer value to zero on the first 
clock, and then incrementing thereafter. Further 
transitions on the input pin will again reset the timer 
to zero, from which it will start counting up again. If 
CONT = 0, when the timer has reached maximum 
count, the EN bit will be cleared, inhibiting further 
timer activity. 


The. enable bit provides programmer control over 
the timer’s RUN/HALT status. When set, the timer is 
enabled to increment subject to the input pin con- 
straints in the internal clock mode (discussed previ- 
ously). When cleared, the timer will be inhibited from 
counting. All input pin transitions during the time EN 
is zero will be ignored. If CONT is zero, the EN bit is 
automatically cleared upon maximum count. 


INH 


The inhibit bit allows for selective updating of the 
enable (EN) bit. If INH is a one during the write to the 
mode/control word, then the state of the EN bit will 
be modified by the write. If INH is a zero during the 
write, the EN bit will be unaffected by the operation. 
This bit is not stored; it will always be a 0 on a read. 


INT 


When set, the INT bit enables interrupts from the 
timer, which will be generated on every terminal 
count. If the timer is configured in dual MAX COUNT 
register mode, an interrupt will be generated each 
time the value in MAX COUNT register A is reached, 
and each time the value in MAX COUNT register B is 
reached. If this enable bit is cleared after the inter- 
rupt request has been generated, but before a pend- 
ing interrupt is serviced, the interrupt request will still 
be in force. (The request is latched in the Interrupt 
Controller.) 


MC 


The Maximum Count bit is set whenever the timer 
reaches its final maximum count value. If the timer is 
configured in dual MAX COUNT register mode, this 
bit will be set each time the value in MAX COUNT 
register A is reached, and each time the value in 
MAX COUNT register B is reached. This bit is set 


22-137 


regardless of the timer’s interrupt-enable bit. The 
MC bit gives the user the ability to monitor timer 
status through software instead of through inter- 
rupts. Programmer intervention is required to clear 
this bit. 


RIU 


The Register In Use bit indicates which MAX 
COUNT register is currently being used for compari- 


son to the timer count value. A zero value indicates . 


register A. The RIU bit cannot be written, i.e., its 
value is not affected when the control register is writ- 
ten. It is always cleared when the ALT bit is zero. 


Not all mode bits are provided for timer 2. Certain 
bits are hardwired as indicated below: 


ALT = 0, EXT = 0, P = 0, RTG = 0, RIU = 0 


Count Registers 


Each of the three timers has a 16-bit count register. 
The current contents of this register may be read or 
written by the processor at any time. If the register is 
written into while the timer is counting, the new value 
will take effect in the current count cycle. 


Max Count Registers 


Timers 0 and 1 have two MAX COUNT registers, 
while timer 2 has a single MAX COUNT register. 
These contain the number of events the timer will 
count. In timers 0 and 1, the MAX COUNT register 
used can alternate between the two max count val- 
ues whenever the current maximum count is 
reached. The condition which causes a timer to re- 
set is equivalent between the current count value 
and the max count being used. This means that if 
the count is changed to be above the max count 
value, or if the max count value is changed to be 
below the current value, the timer will not reset to 
zero, but rather will count to its maximum value, 
“wrap around” to zero, then count until the max 
count is reached. 


Timers and Reset 


Upon RESET, the Timers will perform the following 
actions: 


e All EN (Enable) bits are reset preventing timer 
counting. 


e All SEL (Select) bits are reset to zero. This se- 
lects MAX COUNT register A, resulting in the 
Timer Out pins going HIGH upon RESET. 


INTERRUPT CONTROLLER 


The 80188 can receive interrupts from a number of 
sources, both internal and external. The internal in- 
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 


Internal interrupt sources (Timers and DMA chan- 
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 


‘80188 interrupt controller has its own control regis- 


ter that set the mode of operation for the controller. 


The interrupt controller will resolve priority among 
requests that are pending simultaneously. Nesting is 
provided so interrupt service routines for lower priori- 
ty interrupts may themselves be interrupted by high- 
er priority interrupts. A block diagram of the interrupt 
controller is shown in Figure 21. | 


The 80188 has a special slave mode in which the 
internal interrupt controller acts as a slave to an ex- 
ternal master. The controller is programmed into this 
mode by setting bit 14 in the peripheral control block 
relocation register. (See Slave Mode section.) 


MASTER MODE OPERATION 


Interrupt Controller External Interface 


For external interrupt sources, five dedicated pins 
are provided. One of these pins is dedicated to NMI, 
non-maskable interrupt. This is typically used for 
power-fail interrupts, etc. The other four pins may 
function either as four interrupt input lines with inter- 
nally generated interrupt vectors, as an interrupt line 
and an interrupt acknowledge line (called the “cas- 
cade mode’) along with two other input lines with 
internally generated interrupt vectors, or as two in- 
terrupt input lines and two dedicated interrupt ac- 
knowledge output lines. When the interrupt lines are 
configured in cascade mode, the 80188 interrupt 
controller will not generate internal interrupt vectors. 


External sources in the cascade mode use external- 
ly generated interrupt vectors. When an interrupt is 
acknowledged, two INTA cycles are initiated and the 
vector is read into the 80188 on the second cycle. 
The capability to interface to external 8259A pro- 
grammable interrupt controllers is thus provided 
when the inputs are configured in cascade mode. 
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interrupt Controller Modes of 
Operation 


The basic modes of operation of the interrupt con- 
troller in master mode are similar to the 8259A. The 
interrupt controller responds indentically to internal 
interrupts in all three modes: the difference is only in 
the interpretation of function of the four external in- 
terrupt pins. The interrupt controller is set into one of 
these three modes by programming the correct bits 
in the INTO and INT1 control registers. The modes of 
interrupt controller operation are as follows: 


FULLY NESTED MODE 


When in the fully nested mode four pins are used as 
direct interrupt requests as in Figure 22. The vectors 
for these four inputs are generated internally. An in- 
service bit is provided for every interrupt source. If a 
lower-priority device requests an interrupt while the 


in-service bit (IS) is set, no interrupt will be generat- - 


ed by the interrupt controller. In addition, if another 
interrupt request occurs from the same interrupt 
source while the in-service bit is set, no interrupt will 
be generated by the interrupt controller. This allows 
interrupt service routines to operate with interrupts 
enabled without being themselves interrupted by 
lower-priority interrupts. Since interrupts are en- 
abled, higher-priority interrupts will be serviced. 


When a service routine is completed, the proper IS 
bit must be reset by writing the proper pattern to the 
EOI register. This is required to allow subsequent 
interrupts from this interrupt source and to allow 
servicing of lower-priority interrupts. An EOI com- 


TIMER TIMER TIMER DMA OMA 
2 0 1 INTO INT1 INT2 INT3 NMI 


‘we @ @ @ * 


TIMER 
CONTROL REG. 


INTERRUPT 
REQUEST REG. 
INTERRUPT 
MASK REG. 
PRIOR. LEV. 
MASK REG. 
INTERRUPT 
STATUS REG. 


INTERRUPT 
PRIORITY 
RESOLVER 
EXT. INPUT 1 


CONTROL REG. 


INTERRUPT 
REQUEST TO 


210706-11 


Figure 21. Interrupt Controller Block Diagram 


mand is issued at the end of the service routine just 
before the issuance of the return from interrupt in- 
struction. If the fully nested structure has been up- 
held, the next highest-priority source with its IS bit» 
set is then serviced. 


CASCADE MODE 


The 80188 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the 
four pins are used as direct interrupt inputs and the 
corresponding vectors are generated internally. In 
the cascade mode, the four pins are configured into 
interrupt input-dedicated acknowledge signal pairs. 
The interconnection is shown in Figure 23. INTO is 
an interrupt input interfaced to an 8259A, while | 
INT2/INTAO serves as the dedicated interrupt ac- 
knowledge signal to that peripheral. The same is 
true for INT1 and INT3/INTA1. Each pair can selec- 
tively be placed in the cascade or non-cascade 
mode by programming the proper value into INTO 
and INT1 control registers. The use of the dedicated 
acknowledge signals eliminates the need for the use 
of external logic to generate INTA and device select 
signals. 


The primary cascade mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 8259As. Three 
levels of priority are created, requiring priority resolu- 
tion in the 80188 interrupt controller, the master 
8259As, and the slave 8259As. If an external inter- 
rupt is serviced, one IS bit is set at each of these 
levels. When the interrupt service routine is complet- 
ed, up to three end-of-interrupt commands must be 
issued by the programmer. 


SPECIAL FULLY NESTED MODE 


This mode is entered by setting the SFNM bit in 
INTO or INT1 control register. It enables complete 
nestability with external 8259A masters. Normally, 
an interrupt request from an interrupt source will not 
be recognized unless the in-service bit for that 
source is reset. If more than one interrupt source is 
connected to an external interrupt controller, all of 
the interrupts will be funneled through the same 
80188 interrupt request pin. As a result, if the exter- 
nal interrupt controller receives a higher-priority in- 
terrupt, its interrupt will not be recognized by the 
80188 controller until the 80188 in-service bit is re- 
set. In special fully nested mode, the 80188 interrupt 
controller will allow interrupts from an external pin 
regardless of the state of the in-service bit for an 
interrupt source in order to allow multiple interrupts 
from a single pin. An in-service bit will continue to be 
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set, however, to inhibit interrupts from other lower- 
priority 80188 interrupt sources. 


Special procedures should be followed when reset- 
ting IS bits at the end of interrupt service routines. 
Software polling of the external master’s IS register 
is required to determine if there is more than one bit 
set. If so, the IS bit in the 80188 remains active and 
the next interrupt service routine is entered. 


Operation in a Polled Environment 


The controller may be used in a polled mode if inter- 
rupts are undesirable. When polling, the processor 
disables interrupts and then polls the interrupt con- 
troller whenever it is convenient. Polling the interrupt 
controller is accomplished by reading the Poll Word 
(Figure 32). Bit 15 in the poll word indicates to the 
processor that an interrupt of high enough priority is 
requesting service. Bits 0-4 indicate to the proces- 
sor the type vector of the highest-priority source re- 
questing service. Reading the Poll Word causes the 
In-Service bit of the highest priority source to be set. 


It is desirable to be able to read the Poll Word infor- 
mation without guaranteeing service of any pending 
interrupt, i.e., not set the indicated in-service bit. The 
80188 provides a Poll Status Word in addition to the 
conventional Poll Word to allow this to be done. Poll 
Word information is duplicated in the Poll Status 
Word, but reading the Poll Status Word does not set 
the associated in-service bit. These words are locat- 
ed in two adjacent memory locations in the register 
file. 


INTERRUPT SOURCE 


INTERRUPT SOURCE 


INTERRUPT SOURCE 


INTERRUPT SOURCE 
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Figure 22. Fully Nested (Direct) Mode Interrupt 
Controller Connections 


80188 


Master Mode Features 


PROGRAMMABLE PRIORITY 


The user can program the interrupt sources into any 
of eight different priority levels. The programming is 
done by placing a 3-bit priority level (0-7) in the con- 
trol register of each interrupt source. (A source with 
a priority level of 4 has higher priority over all priority 
levels from 5 to 7. Priority registers containing values 
lower than 4 have greater priority). All interrupt 
sources have preprogrammed default priority levels 
(see Table 4). 


lf two requests with the same programmed priority 
level are pending at once, the priority ordering 
scheme shown in Table 4 is used. If the serviced 
interrupt routine reenables interrupts, it allows other 
requests to be serviced. 


END-OF-INTERRUPT COMMAND 


The end-of-interrupt (EOI) command is used by the 
programmer to reset the In-Service (IS) bit when an 
interrupt service routine is completed. The EOI com- 
mand is issued by writing the proper pattern to the 
EOI register. There are two types of EOI commands, 
specific and nonspecific. The nonspecific command 
does not specify which IS bit is reset. When issued, 
the interrupt controller automatically resets the IS bit 
of the highest priority source with an active service 
routine. A specific EO! command requires that the 
programmer send. the interrupt vector type to the in- 
terrupt controller indicating which source’s IS bit is 
to be reset. This command is used when the fully 
nested structure has been disturbed or the highest 
priority IS bit that was set does not belong to the 
service routine in progress. 


TRIGGER MODE 


The four external interrupt pins can be programmed 
in either edge- or level-trigger mode. The control 
register for each external source has a level-trigger 
mode (LTM) bit. All interrupt inputs are active HIGH. 
In the edge sense mode or the level-trigger mode, 
the interrupt request must remain active (HIGH) until 
the interrupt request is acknowledged by the 80188 
CPU. In the edge-sense mode, if the level remains 
high after the interrupt is acknowledged, the input is 
disabled and no further requests will be generated. 
The input level must go LOW for at least one clock 
cycle to reenable the input. In the level-trigger mode, 
no such provision is made: holding the interrupt input 
HIGH will cause continuous interrupt requests. 
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INTERRUPT VECTORING 


The 80188 Interrupt Controller will generate interrupt 
vectors for the integrated DMA channels and the in- 
tegrated Timers. In addition, the Interrupt Controller 
will generate interrupt vectors for the external inter- 
rupt lines if they are not configured in Cascade or 
Special Fully Nested Mode. The interrupt vectors 
generated are fixed and cannot be changed (see Ta- 
ble 4). 


Interrupt Controller Registers 


The Interrupt Controller register model is shown in 
Figure 24. It contains 15 registers. All registers can 
both be read or written unless specified otherwise. 


-IN-SERVICE REGISTER 


This register can be read from or written into. The 
format is shown in Figure 25. It contains the In-Serv- 
ice bit for each of the interrupt sources. The In-Serv- 
ice bit is set to indicate that a source’s service rou- 
tine is in progress. When an In-Service bit is set, the 
interrupt controller will not generate interrupts to the 
CPU when it receives interrupt requests from devic- 
es with a lower programmed priority level. The TMR 
bit is the In-Service bit for all three timers; the DO 
and D1 bits are the In-Service bits for the two DMA 
channels; the 10-13 are the In-Service bits for the 
external interrupt pins. The IS bit is set when the 
processor acknowledges an interrupt request either 
by an interrupt acknowledge or by reading the poll 
register. The IS bit is reset at the end of the interrupt 
service routine by an end-of-interrupt command is- 
sued by the CPU. 


INTERRUPT REQUEST REGISTER 


The internal interrupt sources have interrupt request 
bits inside the interrupt controller. The format of this 
register is shown in Figure 25. A read from this regis- 
ter yields the status of these bits. The TMR bit is the 
logical OR of all timer interrupt requests. DO and D1 
are the interrupt request bits for the DMA channels. 


The state of the external interrupt input pins is also 


pee oe gotvers ? e 
= ee ee 


indicated. The state of the external interrupt pins is | 


not a stored condition inside the interrupt controller, 
therefore the external interrupt bits cannot be writ- 
ten. The external interrupt request bits show exactly 
when an interrupt request is given to the interrupt 
controller, so if edge-triggered mode is selected, the 
bit in the register will be HIGH only after an inactive- 
to-active transition. For internal interrupt sources, 
the register bits are set when a request arrives and 
are reset when the processor acknowledges the re- 
quests. 


Writes to to the interrupt request register will affect 
the DO and D1 interrupt request bits. Setting either 
bit will cause the corresponding interrupt request 
while clearing either bit will remove the correspond- 
ing interrupt request. All other bits in the register are 
read-only. 


MASK REGISTER 


This is a 16-bit register that contains a mask bit for 
each interrupt source. The format for this register is 
shown in Figure 25. A one in a bit position corre- 
sponding to a particular source serves to mask the 
source from generating interrupts. These mask bits 
are the exact same bits which are used in the indi- 
vidual control registers; programming a mask bit us- 
ing the mask register will also change this bit in the 
individual control registers, and vice versa. 


+——— _ INTERRUPT SOURCES 
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Figure 23. Cascade and Special Fully Nested Mode Interrupt Controller Connections 
22-141 


INT3 CONTROL REGISTER 


POLL REGISTER 


EO! REGISTER 


Figure 24. interrupt Controller Registers 
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(Master Mode) 


OFFSET 


PRIORITY MASK REGISTER 


This register is used to mask all interrupts below par- 
ticular interrupt priority levels. The format of this reg- 
ister is shown in Figure 26. The code in the lower 
three bits of this register inhibits interrupts of priority 
lower (a higher priority number) than the code speci- 
fied. For example, 100 written into this register 
masks interrupts of level five (101), six (110), and 
seven (111). The register is reset to seven (111) 
upon RESET so no interrupts are masked due to 
priority number. 


INTERRUPT STATUS REGISTER 


This register contains general interrupt controller 
status information. The format of this register is 
shown in Figure 27. The bits in the status register 
have the following functions: 


DHLT: DMA Halt Transfer; setting this bit halts all 
DMA transfers. It is automatically set when- 
ever a non-maskable interrupt occurs, and it 
is reset when an IRET instruction is execut- 
ed. The purpose of this bit is to allow prompt 
service of all non-maskable interrupts. This 
bit may also be set by the programmer. 


IRTx: These three bits represent the individual tim- 
er interrupt request bits. These bits are used 
to differentiate the timer interrupts, since the 
timer IR bit in the interrupt request register is 
the “OR” function of all timer interrupt re- 
quests. Note that setting any one of these 
three bits initiates an interrupt request to the 
interrupt controller. 


Figure 25. In-Service, Interrupt Request, and Mask Register Formats 


Figure 26. Priority Mask Register Format 
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Figure 27. Interrupt Status Register Format (non-RMX Mode) 
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TIMER, DMA 0, 1; CONTROL REGISTERS 


- These registers are the control words for all the in- 


ternal interrupt sources. The format for these regis- 
ters is shown in Figure 28. The three bit positions 
PRO, PR1, and PR2 represent the programmable pri- 
ority level of the interrupt source. The MSK bit inhib- 
its interrupt requests from the interrupt source. The 
MSK bits in the individual control registers are the 
exact same bits as are in the Mask Register; modify- 
ing them in the individual control registers will also 
modify them in the Mask Register, and vice versa. 


INTO-INT3 CONTROL REGISTERS 


These registers are the control words for the four 
external input pins. Figure 29 shows the format of 
the INTO and INT1 Control registers; Figure 30 
shows the format of the INT2 and INT3 Control reg- 
isters. In cascade mode or special fully nested 
mode, the control words for INT2 and INT3 are not 
used. 


The bits in the various control registers are encoded 

as follows: 

PRO-2: Priority programming information. Highest 
- priority = 000, lowest priority = 111. 


LTM: Level-trigger mode bit. 1 = level-trig- 
gered; 0 = edge-triggered. Interrupt Input 
levels are active high. In level-triggered 
mode, an interrupt is generated whenever 
the external line is high. In edge-triggered 
mode, an interrupt will be generated only 


when this level is preceded by an inac- 
tive-to-active transition on the line. In both 
cases, the level must remain active until 
the interrupt is acknowledged. 


MSK: Mask bit, 1 = mask; 0 = non-mask. 


Cc Cascade mode bit, 1 = cascade; 0 = di- 
rect. 
SFNM: — Special fully nested mode bit, 1 = SFNM. 


EOI REGISTER 


The end of the interrupt register is a command regis- 
ter which can only be written into. The format of this 
register is shown in Figure 31. It initiates an EO! 
command when written to by the 80188 CPU. 


The bits in the EOI register are encoded as follows: 


Sy: Encoded information that specifies an in- 
- terrupt source vector type as shown in 
Table 4. For example, to reset the In- 
Service bit for DMA channel 0, these bits 
should be set to 01010, since the vector 
type for DMA channel 0 is 10. 


NOTE: 
To reset the single In-Service bit for any of the 
three timers, the vector type for timer 0 (8) should 
be written in this register. 


NSPEC/: A bit that determines the type of EOI com- 
SPEC mand. Nonspecific = 1, Specific = 0. 


Figure 28. Timer/DMA Control Register Formats 
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Figure 29. INTO/INT1 Control Register Formats 
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Figure 30. INT2/INT3 Control Register Formats 
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POLL AND POLL STATUS REGISTERS 


These registers contain polling information. The for- 
mat of these registers is shown in Figure 32. They 
can only be read. Reading the Poll register consti- 
tutes a software poll. This will set the IS bit of the 
highest priority pending interrupt. Reading the poll 
status register will not set the IS bit of the highest 
priority pending interrupt; only the status of pending 
interrupts will be provided. 


Encoding of the Poll and Poll Status register bits are 
as follows: 


Sy: Encoded information that indicates the 
vector type of the highest priority inter- 
rupting source. Valid only when INTREQ 
= 1. 


INTREQ: This bit determines if an interrupt request 
is present. Interrupt Request = 1; no In- 
terrupt Request = 0. 


SLAVE MODE OPERATION 


When slave mode is used, the internal 80188 inter- 
rupt controller will be used as a slave controller to an 
external master interrupt controller. The internal 
80188 resources will be monitored by the internal 


interrupt controller, while the external controller 
functions as the system master interrupt controller. 


Upon reset, the 80188 will be in master mode. To | 


provide for slave mode operation bit 14 of the relo- 
cation register should be set. 


Because of pin limitations caused by the need to 


interface to an external 8259A master, the internal 
interrupt controller will no longer accept external in- 
puts. There are however, enough 80188 interrupt 
controller inputs (internally) to dedicate one to each 


~ timer. In this mode, each timer interrupt source has 


its own mask bit, IS bit, and control word. 


In slave mode each peripheral must be assigned a 
unique priority to ensure proper interrupt controller 
operation. Therefore, it is the programmer’s respon- 
sibility to assign correct priorities and initialize inter- 
rupt control regisers before enable interrupts. 


Slave Mode External Interface 


The configuration of the 80188 with respect to an 
external 8259A master is shown in Figure 33. The 
INTO (pin 45) input is used as the 80188 CPU inter- 
rupt input. INT3 (pin 41) functions as an output to 
send the 80188 slave-interrupt-request to one of the 
8 master-PIC-inputs. 


15 14 13 5 4 3 2 1 0 
SPEC/ 
RCE ee et Cock cod 


Figure 31. EOI Register Format 


Figure 32. Poll and Poll Status Register Format 


22-144 


——— INTERRUPT SOURCES 


Qecasrmesomeces 
OR OTHER SLAVES 
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Figure 33. Slave Mode Interrupt Controller Connections 


Correct master-slave interface requires decoding of 
the slave addresses (CASO-2). Slave 8259As do 
this internally. Because of pin limitations, the 80188 
slave address will have to be decoded externally. 
INT1 (pin 44) is used as a slave-select input. Note 
that the slave vector address is transferred internal- 
ly, but the READY input must be supplied externally. 


INT2 (pin 42) is used as an acknowledge output, 
suitable to drive the INTA input of an 8259A. 


Interrupt Nesting 


Slave mode operation allows nesting of interrupt re- 
quests. When an interrupt is acknowledged, the pri- 
ority logic masks off all priority levels except those 
with equal or higher priority. 


Vector Generation in the 
Slave Mode 


Vector generation in slave mode is exactly like that 
of an 8259A slave. The interrupt controller gener- 
ates an 8-bit vector which the CPU multiplies by four 
and uses as an address into a vector table. The sig- 
nificant five bits of the vector are user-programma- 
ble while the lower three bits are generated by the 
priority logic. These bits represent the encoding of 
the priority level requesting service. The significant 
five bits of the vector are programmed by writing to 
the Interrupt Vector register at offset 20H. 


Specific End-of-interrupt 


In slave mode the specific EO! command operates 
to reset an in-service bit of a specific priority. The 
user supplies a 3-bit priority-level value that points to 
an in-service bit to be reset. The command is exe- 
cuted by writing the correct value in the Specific EOI 
register at offset 22H. 


interrupt Controller Registers 
in the Slave Mode 


All control and command registers are located inside 
the internal peripheral contro! block. Figure 34 
shows the offsets of these registers. 


END-OF-INTERRUPT REGISTER 


The end-of-interrupt register is a command register 
which can only be written. The format of this register 
is shown in Figure 35. It initiates an EO! command 
when written by the 80188 CPU. 


The bits in the EOI! register are encoded as follows: 


Ly: Encoded value indicating the priority of the IS © 
bit to be reset. 
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IN-SERVICE REGISTER 


This register can be read from or written into. It con- 
tains the in-service bit for each of the internal inter- 
rupt sources. The format for this register is shown in 
Figure 36. Bit positions 2 and 3 correspond to the 
DMA channels; positions 0, 4, and 5 correspond to 
the integral timers. The source’s IS bit is set when 
the processor acknowledges its interrupt request. 


INTERRUPT REQUEST REGISTER 


This register indicates which internal peripherals 
have interrupt requests pending. The format of this 
register is shown in Figure 36. The interrupt request 


bits are set when a request arrives from an internal - 


source, and are reset when the processor acknowl- 
edges the request. As in master mode, DO and D1 
are read/write, all other bits are read only. 


MASK REGISTER 


The register contains a mask bit for each interrupt 
source. The format for this register is shown in Fig- 
ure 36. If the bit in this register corresponding to a 
particular interrupt source is set, any interrupts from 
that source will be masked. These mask bits are ex- 
actly the same bits which are used in the individual 
control registers, i.e., changing the state of a mask 
bit in this register will also change the state of the 
mask bit in the individual interrupt control register 
corresponding to the bit. 


CONTROL REGISTERS 


These registers are the control words for all the in- 
ternal interrupt sources. The format of these regis- 
ters is shown in Figure 37. Each of the timers and 
both of the DMA channels have their own Control 
Register. 


15 14 13 8 


The bits of the Control Registers are encoded as 

follows: 

pry:  3-bit encoded field indicating a priority level 
for the source; note that each source must be 
programmed at specified levels. 


msk: mask bit for the priority level indicated by pr, 
bits. 


LEVEL 5 CONTROL REGISTER 
(TIMER 2) 
LEVEL 4 CONTROL REGISTER 
(TIMER 1) 
LEVEL 3 CONTROL REGISTER 
(DMA 1) 
LEVEL 2 CONTROL REGISTER 
(DMA 0) 
LEVEL 0 CONTROL REGISTER 
(TIMER 0) 
INTERRUPT STATUS REGISTER 


Figure 34. Interrupt Controller Registers 
(Slave Mode) 


7 6 5 & 3 2 1 0 


ee Be ee re ed Ore ee 


Figure 35. Specific EOI Register Format 


8 7 6 5 a 3 2 t5?°3@ 
po foftote e« « «] 0} o { o {twR2[TMRi] 01 | Do | o [TMRO 


Figure 36. In-Service, Interrupt Request, and Mask Register Format 
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Intel 80188 

INTERRUPT VECTOR REGISTER Interrupt Controller and Reset 

This register provides the upper five bits of the inter- Upon RESET, the interrupt controller will perform 


rupt vector address. The format of this register is the following actions: 
shown in Figure 38. The interrupt controller itself ° All SFNM bits reset to 0, implying Fully Nested 


provides the lower three bits of the interrupt vector Mids 
as determined by the priority level of the. interrupt tae 
request. e All PR bits in the various control registers set to 1. 
This places all sources at lowest priority (level 
The format of the bits in this register is: 111). 
t,:  5-bit field indicating the upper five bits of the e All LTM bits reset to 0, resulting in edge-sense 
vector address. mode. 
e All Interrupt Service bits reset to 0. 
PRIORITY-LEVEL MASK REGISTER e All Interrupt Request bits reset to 0. . 


e All MSK (Interrupt Mask) bits set to 1 (mask). 
e All C (Cascade) bits reset to 0 (non-cascade). 


e All PRM (Priority Mask) bits set to 1, implying no 
The encoding of the bits in this register is: levels masked. 


m,: 3-bit encoded field indication priority-level val- @ |nitialized to master mode. 
ue. All levels of lower priority will be masked. | 


This register indicates the lowest priority-level inter- 
rupt which will be serviced. 


INTERRUPT STATUS REGISTER 


This register is defined as in master mode except 
that DHLT is not implemented. (See Figure 27). 


15 14 13 8 


7 6 5 a 3 a 1 0 
Lo | o | o | +0 ss * fof 0. [0 | 0) fh doalMSk |\PR2 | PA | PRO 


Figure 37. Control Word Format 


15 1413 "Dat Jee IPL I See Ses es 
207 0] CO ree ie Se ee Te es 0 1 OO Te 


Figure 38. Interrupt Vector Register Format 


15 14 13 8 


7 6 5 4 3 2 1 0 
Per | OO] go te 0) Pe eo Be) et i fee 


Figure 39. Priority Level Mask Register 
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ADDRESS 
RES 


TERMINAL 


DISK 
INTERFACE 
HAROWARE 
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Figure 40. Typical 80188 Computer | 
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BUS CONTROL 
COMMANDS 


MULTIBUS 
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Figure 41. Typical 80188 Multi-Master Bus Interface 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature under Bias ....0°C to + 70°C 


Storage Temperature .......... —65°C lo + 150°C 
Voltage on any Pin with 

Respect to Ground.............. —1 OVIo. ETN 
POWar CHSSMGUON 4 sulscu cs. cin kN aoa cry h 3 Watt 


*Notice: Stresses above those listed under “Abso- 
lute Maximum Ratings” may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


D.C. CHARACTERISTICS (Ta = 0°C to + 70°C, Vog = 5V +10%) 


Applicable to 80188 (8 MHz) 


VIH Input High Voltage 
(All except X1 and RES) 


Output Low Voltage 


*For extended temperature parts only. 


[symbol | "Parameter | win | Max 
vu | teputtow Votage | -os | +08 |v 


Bro nies ML ae eee 
Input High Voltage (RES) | 3.0 | Voc+o5 | vo | 


0.45 V la = 2.5 mA for SO-S2 
la = 2.0 mA for all other outputs 


unite [Test Conditions 
and 
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PIN TIMINGS 


A.C. CHARACTERISTICS (Ta = 0°C to +70°C, Voc = 5V +10%) 
80188 Timing Requirements All Timings Measured At 1.5 Volts Unless Otherwise Noted 


80188 
Parameter (8 MHz) 


TARYHCH Asynchronous Ready 
(ARDY) active setup 
time* 
TARYLCL ARDY inactive setup 
time 


ARDY hold time eae ers aaa Se 

TARYCHL - Asynchronous Ready 
inactive hold time 

TSRYCL Synchronous Ready 
(SRDY) Transition 
Setup Time 

TCLSRY - SRDY Transition 
Hold Time 


Pepe e'| MOL Baltipt S88 eh ma ear eared 


Test 
Conditions 


TINVCH INTR, NMI, TEST, 
TMR IN, Setup* 


DRQO, DRQ1, Setup* 


TCLAV Address Valid Delay 
Address Hold 
Address Float Delay 


TCHCz Command Lines 
Float Delay 

TCHCV Command Lines Valid 
Delay (after float) 


C= 20-200 pF 
all outputs (except To. Tmy) 
@ 8 MHz 


Control Inactive Delay 
DEN Inactive Delay 
(Non-Write Cycle) 


*To guarantee recognition at next clock. 
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PIN TIMINGS (Continued) 


A.C. CHARACTERISTICS 
(Ta = 0°C to + 70°C, Voc = 5V.+ 10%) (Continued) 
80188 Master Interface Timing Responses (Continued) 


80188 
Parameter (8 MHz) 


TAZRL Address Floatto 
RD Active 
ABactetaey | | | me | 
A ieaotiveely sy: 21S] TO esl Bd pe 
TRHAV RD Inactive to Toc: -40 
Address Active 
puDavaiéDey [| ot me | 


FD wit Oe 


TAVLL Address Valid to TotcH —25 
ALE Low 
Siimencne Delay [to ee 
StatisinactveDelay | 10 es nei 
Timer OutputDelay | | |r | 100 pmax 
Reset Delay CP RS Sa a a ee a 
Pe ore ae ET EEE GIES TE WC i, 2 ee 
StatusHoldTime | 10 


10 Pe a ae 
TAVCH Address Valid to 10 
Clock High 
elay 


80188 Chip-Select Timing Responses 
Toicsv Chip-Select 
Active Delay 
Toxcsx Chip-Select Hold from 
Command Inactive 
TCHCSX Chip-Select 
Inactive Delay 
80188 CLKIN Requirements 
CLKIN Period Le, Se SE) — gen? 
CLKIN Fall Time One cea 
CLKIN Rise Time Pa et 


CLKIN Low Time Siena" roe 
CLKIN High Time ayes ea] 


80188 CLKOUT Timing (200 pF load) 


Tcico CLKIN to 
CLKOUT Skew 
ELKOUT Low Time eno 


CLKOUT Period 
CLKOUT High Time Ye Toc —7.5 


Test 
Conditions 


3.5 to 1.0V 


1.0 to 3.5V 


1.0 to 3.5V 


CLKOUTRiseTime | 
Hradec Sie 3.5 to 1.0V 


CLKOUT Fall Time 
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WAVEFORMS 


Major Cycle Timing 
Vou gest 12 Tz Tw ', 


TCH1CH2 TCL2CL1 
TCLCL 


Vo. LICHSV ponsy | [ove Tota bar 
Seal a @2eee 


Ein 

TCLAV TCHCZ 

a =: oy 
’ (S7,A19-A16 ) A19= See Lata Sa Se | 


Ayg/Sg7Ay6/S3 
eae a 
(NOTE 1) 


A15=-A8 (FLOAT DURING INTA) 


A15~A8 
ae TLLAX 
CEN mo 
TAVAL 


os nA eT OUT — en 1) 
WRITE CYCLE 


TCLAZ 


AD+—AD POINTER 

eg. ~ FLOAT = FLOAT 

pike ates TCHCTV TCHCTV 
DT/R 


Ub nee 


TCVCTX a 
RD,INTA, Pes TWLWH 
oy fe z f 


RD,WR,=Voy 


SOFTWARE HALT= DT/R=Vo,; 


RD.WRINTA DEN=Voy INVALID ADDRESS 


PCS, 
MCS 
LCs, 


uUCcS 
(NOTE 4) 
210706-22 


22-153 


WAVEFORMS (Continued) 


Major Cycle Timing (Continued) | 


TCHICH2 | 
T; To T; Tw 
TCLCL TCL2CL1 : 

N 
| 
| 


CLK OUT ‘ sy Pr’ ' 
A eS 
53.5 nie = Cie 
pei ete 


TCHDX 


nD Coe @ & 
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NOTES: | } | 
1. Following a Write cycle, the Local Bus is floated by the 80188 only when the 80188 enters a “Hold Acknowledge”’ 
state. 

2. INTA occurs one clock later in Slave Mode. 

3. Status inactive just prior to T4. 

4. Latched A1 and A2 have same timings as PCS5 and PCS6. 
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WAVEFORMS (Continued) : 5 aa . Seto b ae ee E 


INTO-3 
TIMERIN 
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WAVEFORWMS (Continued) 


READY TIMING 


CLKOUT 


CLKOUT 


HOLD-HLDA TIMING 


ADy-ADy 80188 
dEN ——-——---—+t 


A19/S6-A16/S3, ————__—_v 
RD, WR, 


$7, 
OT/R, 


<«-TCLHAV 
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5 ipa le gee <n ogg See <i 
WAVEFORMS (Continued) 
Timer On 80188 
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80188 


TCHICH2 


TIMEROUT 


80188 EXECUTION TIMINGS 


Since the bus interface unit and execution unit oper- 
ate independently, a determination of 80188 pro- 
gram execution timing must consider both the bus 
cycles necessary to prefetch instructions as well as 
the number of execution unit cycles necessary to 
execute instructions. The following instruction tim- 
ings represent the minimum execution time in clock 
cycles for each instruction. The timings given are 
based on the following assumptions: 


e The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 


e No wait states or bus HOLDs occur. 


2 % to 6 4 CLOCKS 


210706-26 


All instructions which involve memory accesses can 
also require one or two additional clocks above the 
minimum timings shown due to the asynchronous 
handshake between the BIU and execution unit. 


All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. ) 


The 80188 8-bit BIU is noticeably limited in its per- 
formance relative to the execution unit. A sufficient 
number of prefetched bytes may not reside in the 
prefetch queue much of the time. Therefore, actual 
program execution may be substantially greater than 
that derived from adding the instruction timings 
shown. 
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DATA TRANSFER 
MOV = Move: 


Register to register/memory 
Register/memory to register 
Immediate to register/memory 


Immediate to register 


Memory to accumulator 


Accumulator to memory 


PUSH = Push: 
Memory 


Register 


Segment register 


POP = Pop: 
Memory 


Register 


Segment register 


XCHG = Exchange: 
Register/memory with register 


Register with accumulator 


IN = Input from: ' 
Fixed port . 


Variable port 
OUT = Output to: 
Fixed port 


Variable port 

XLAT = Translate byte to AL 
LEA = Load EA to register 
LDS = Load pointer to DS 
LES = Load pointer to ES 
LAHF = Load AH with flags 
SAHF = Store AH into flags 
PUSHF = Push flags 


1000100w 
1000101w 


data if w= 1 


addr-high 
addr-high 


1100011Ww 


mod110 r/m_ 


1010000w 
1010001w 


Register/memory to segment register 10001110 


Segment register to register/ memory 10001100 


10001111 mod000 r/m 


01011 reg 
000reg111 


1000011w 


1110010w 


° 
a 


1110110w 


1110011Ww 


no] 
° 
a 


1110111w 


11000100 


10011110 


10011100 


Shaded areas indicate instructions not available in 8086, 8088 microsystems. 
“Note: Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 


INSTRUCTION SET SUMMARY (Continued) 


Function 


DATA TRANSFER (Continued) 


POPF = Pop flags 
SEGMENT = Segment Override: 
CS 


SS 
DS 


ES 


ARITHMETIC 
ADD = Add: 


Reg/memory with register to either 
Immediate to register/memory 


Immediate to accumulator 


ADC = Add with carry: 
Reg/memory with register to either 


Immediate to register/memory 
Immediate to accumulator 


INC = Increment: 
Register/memory 


Register 


SUB = Subtract: 
Reg/mémory and register to either. 


Immediate from register/memory 
Immediate from accumulator 


SBB = Subtract with borrow: 
Reg/memory and register to either 


Immediate from register/memory 
Immediate from accumulator 


DEC = Decrement: 
Register/memory 


Register 


CMP = Compare: 
Register/memory with register 


Register with register/memory 
immediate with register/memory 


Immediate with accumulator 


AAA = ASCIl adjust for add 


DAA = Decimal adjust for add 
AAS = ASCII adjust for subtract 


DAS = Decimal adjust for subtract 


NEG = Change sign register/memory 


10011101 


00101110 
00110110 


VOT? 1 1.40 


00100110 


000000dw 
100000sw 


0000010w 


000100dw 
~100000sw 
0001010w 


y As i ee i la is mod000 r/m 


01000 reg 


001010dw 


100000sw | mod101 r/m 


0010110w 


000110dw 
100000sw mod011 r/m 


0001110w 


11111171w 
01001 reg 


0011101w 
0011100w 
100000sw 


0011110w 
1111011w 


00110111 
00100111 
00111111 
00101111 


mod reg r/m 
mod000 r/m 


data 


mod reg r/m 


mod010 r/m 


mod reg r/m 


data 


mod001 r/m 


mod reg r/m 


mod.reg r/m- 
mod 111 r/m 
data 


mod 01 1.r/m 


data ifw=1 


data 


data 


data 


data ifw=1 


data 
data if w= 1 


data ifs w=01 


data ifs w=01 


data ifs w=01 


' data ifsw=01 


- 


data ifs w=01 


Shaded areas indicate instructions not available in 8086, 8088 microsystems. 
*Note: Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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8/16-bit 


8/16-bit 


8/16-bit 


8/16-bit 


8/16-bit 


MUL = Multiply (unsigned): 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


IMUL = Integer multiply (signed): | 1111011w | mod101 r/m 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


Se 


DIV = Divide (unsigned): 
Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 

IDIV = Integer divide (signed): 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


ASCII adjust for multiply 11010100 00001010 


AAD = ASCIl adjust for divide 


5 
= 


CBW 


| 
3 


Convert byte to word 10011000 


CWD = Convert word to double word 10011001 


LOGIC 
Shift/Rotate Instructions: 


Register/Memory by 1 1101000w mod 


2/15 


5+n/17+n 


Register/Memory by CL 


\|2 
: 


TTT Instruction 
000 ROL 
001 ROR 
010 RCL 
011 RCR 
100 SHL/SAL 
101 SHR 
111 SAR 


AND = And: 


Reg/memory and register to either 001000dw 
Immediate to register/memory 1000000w | mod100 r/m data data if w= 1 
Immediate to accumulator 0010010w data ifw=1 


Shaded areas indicate instructions not available in 8086, 8088 microsystems. , 
“Note: Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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Function 


LOGIC (Continued) 
TEST = And function to flags, no result: 
Register/memory and register 


Immediate data and register/memory mod000 r/m data 


Immediate data and accumulator 1010100w data data if w= 1 8/16-bit 


OR = Or: 
Reg/memory and register to either 000010dw 


Immediate to register/memory 1000000w mod001 r/m data data if w= 1 


Immediate to accumulator 0000110w data if w= 1 8/16-bit 


XOR = Exclusive or: 


Reg/memory and register to either 001100dw 
mod 110 r/m data if w=1 


Immediate to accumulator 0011010w data - data ifw=1 8/16-bit 


NOT = Invert register/memory 1111011w mod010 r/m 


STRING MANIPULATION: 
MOVS = Move byte/word 1010010w 


Immediate to register/memory 1000000w~ 


CMPS = Compare byte/word 1010011Ww 
SCAS = Scan byte/word 1010111w 
LODS = Load byte/wd to AL/AX 1010110w 


JSTOS = Stor byte/wd from AL/A 


Repeated by count in CX 


MOVS = Move string 11110010 1010010w 8+8n* 


CMPS = Compare string 11770012 


1010011w 5+ 22n* 


SCAS = Scan string 1111001z 5+ 15n* 
LODS = Load string . 6+ 11n* 


STOS = Store string 6+9n* 


Shaded areas indicate instructions not available in 8086, 8088 microsystems. is 
*Note: Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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ant A! 
ENS. 


indirect within segment 


Direct intersegment 


Indirect intersegment 

JMP = Unconditional jump: 
Short/long 

Direct within segment 


Register/memory 
indirect within segment 


Direct intersegment 


Indirect intersegment 
RET = Return from CALL: 
Within segment 


Within seg adding immed to SP 

Intersegment 

Intersegment adding immediate to SP 

JE/JZ = Jump on equal/zero 

JL/JNGE = Jump on less/not greater or equal 


JLE/JNG = Jump on less or equal/not greater 


JB/JNAE = Jump on below/not above or equal 


JBE/JNA = Jump on below or equal/not above 


JP/JPE = Jump on parity/ parity even 

JO = Jump on overflow 

JS = Jump on sign 

JNE/JNZ = Jump on not equal/not zero 
JNL/JGE = Jump on not less/greater or equal 


JNLE/JG = Jump on not less or equal/greater 


JNB/JAE = Jump on not below/above or equal 
JNBE/JA = Jump on not below or equal/above 


JNP/JPO = Jump on not par/par odd 


ee ee ee eS Ue a ma Tee n + “ ee 
pat! Se pH ax. siti ae me aS Pee ~ 2 = 
wae Se eee ee al ee 2) | RPG ot hay 
‘ esi OK, Anse psec I 
P nt re, ] 
: ; 


80188 


11101000 disp-high 


144411711 


10011010 segment offset 


a 
8 
° 
° 
= 
3 


segment selector 


(mod # 11) 


3 
a 
o 
> 
3 


disp-high 


mod 100 r/m 


11101011 
11101001 


11101010 segment offset 


segment selector 


3 
8 
° 
= 
3 


1it214 44 (mod # 11) 


11000011 


[11000010 | datalow | data-high 


11000010 data-low 


11001010 data-low 


data-high 


01110100 


01111100 


O11111 6G 


01110010 


01110110 
01111010 
01110000 


01111000 


01110101 
01111101 


OV74.F9'1 1 


01110011 


01110111 


01111011 


Shaded areas indicate instructions not available in 8086, 8088 microsystems. 
*Note: Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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is 


oe ot ee = we 
~ Gyre Nees A 


< 


SONYA ie 
aS Feat ORT, ae 


oak «Eee 


JMP not 
taken/JMP 
taken 


Ae) 


CONTROL TRANSFER (Continued) 

JNO = Jump on not overflow . 

JNS = Jump on not sign 

JCXZ = Jump on CX zero é' 


LOOP = Loop CX times LOOP not 
taken/LOOP 


LOOPZ/LOOPE = Loop while zero/equal 
i. ie pita taken 


INT = Interrupt: 


Type specified 


ype 3 11001100 if INT. taken/ 
if INT. not 


INTO = Interrupt on overflow taken 


Bans 


11001111 


“ — - — 


CLC = Clear carry 
CMC = Complement carry 
STC = Set carry 
= Clear direction TIT i190. Bo 
Set direction 
Clear interrupt TTVTFID 19 


Set interrupt LR210. 14 


if test = 0 


LOCK = Bus lock prefix 11110000 
ESC = Processor Extension Escape Tretts UT mod LLL r/m 
(TTT LLL are opcode to processor extension) 


Shaded areas indicate instructions not available in 8086, 8088 microsystems. 
*Note: Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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FOOTNOTES 


The Effective Address (EA) of the memory operand 
is Computed according to the mod and r/m fields: 


if mod = 11 then r/m is treated as a REG field 


if mod = 00 then DISP = 0%, disp-low and disp-high are 
absent 


if mod = 01 then DISP = disp-low sign-extended to 
16-bits, disp-high is absent 


if mod = 10 then DISP = disp-high: disp-low 


if r/m = 000 then EA = (BX) + (SI) + DISP 
if r/m = 001 then EA = (BX) + (Dl) + DISP 


if r/m = 010 then EA = (BP) + (SI) + DISP 


he Se a eee 
Bp. Sar Se ee 
Bere 
: ine 


80188 ; | ee 


EA calculation time is 4 clock cycles for all modes, 
and is included in the execution times given whenev- 
er appropriate. 


Segment Override Prefix 


0 .0>%* tae: “a 8 


reg is assigned according to the following: 


reg Segment 
Register 
00 ES 
01 CS 
10 Ss 
11 DS 


REG is assigned according to the following table: 


if r/m = 011 then EA = (BP) + (Dl) + DISP 
if r/m = 100 then EA = (SI) + DISP 

if r/m = 101 then EA = (DI) + DISP 

if r/m = 110 then EA = (BP) + DISP* 

if r/m = 111 then EA = (BX) + DISP 


16-Bit (w = 1) 8-Bit (w = 0) 
000 AX 000 AL 
001 CX 001 CL 
010 DX 010 DL 
011 BX 011 BL 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 DH 
111 DI 111 BH 


DISP follows 2nd byte of instruction (before data if 
required) 


*except if mod = 00 and r/m = 110 then EA = 
disp-high: disp-low. 


The physical addresses of all operands addressed 
by the BP register are computed using the SS seg- 
ment register. The physical addresses of the desti- 
nation operands of the string primitive operations 
(those addressed by the DI register) are computed 
using the ES segment, which may not be overridden. 
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CHMOS HIGH INTEGRATION 16-BIT MICROPROCESSOR 


m@ Operation Modes Include: 
— Enhanced Mode Which Has 
— DRAM Refresh 
— Power-Save Logic 
— Compatible Mode 
— NMOS 80188 Pin for Pin 
Replacement for Non-Numerics 
Applications 


integrated Feature Set 

— Enhanced 80C86/C88 CPU 

— Clock Generator 

— 2 Independent DMA Channels 

— Programmable Interrupt Controller 

— 3 Programmable 16-Bit Timers 

— Dynamic RAM Refresh Control Unit 

— Programmable Memory and 
Peripheral Chip Select Logic 

— Programmable Wait State Generator 

— Local Bus Controller 

— Power Save Logic 

— System-Level Testing Support (High 
Impedance Test Mode) 


Available in 16 MHz (80C 188-16), 
12.5 MHz (80C 188-12) and 10 MHz 
(80C 188-10) Versions 


@ Direct Addressing Capability to 


1 MByte and 64 KByte I/O 


= Completely Object Code Compatible 


with All Existing 8086/8088 Software 
and Also Has 10 Additional Instructions 
over 8086/8088 


Complete System Development 
Support 
— All 8088 and NMOS 80188 Software 
Development Tools Can Be Used for 
80C 186 System Development 
— Assembler, PL/M, Pascal, Fortran, 
and System Utilities 
— In-Circuit-Emulator (ICET-188) 


Available in 68 Pin: 

— Plastic Leaded Chip Carrier (PLCC) 

— Ceramic Pin Grid Array (PGA) 

— Ceramic Leadless Chip Carrier 
(JEDEC A Package) 

(See Packaging Outlines and Dimensions, Order Number 
231369) 

Available in EXPRESS: 

— Standard Temperature with Burn-in 

— Extended Temperature Range 
(— 40°C to + 85°C) 


ae 


The Intel 80C188 is a CHMOS high integration microprocessor. It has features which are new to the 80186 
family which include a DRAM refresh control unit, power-save mode and a direct numerics interface. When 
used in “compatible” mode, the 80C188 is 100% pin-for-pin compatible with the NMOS 80188 (except for 
8087 applications). The “enhanced” mode of operation allows the full feature set of the 80C188 to be used. 
The 80C188 is upward compatible with 8086 and 8088 software and fully compatible with 80186 and 80188 
software. 
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Figure 1. 80C188 Block Diagram 


October 1987 
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80C188 ADVANCE In FORMATION | 


Leadiess Chip Carrier (JEDEC Type A) 


Contacts Facing Up | Contacts Facing Down 
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_ Pin Grid Array 
PINS FACING UP PINS FACING DOWN 
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PIN NO.1 MARK 
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Plastic Leaded Chip Carrier 


Contacts Facing Up Contacts Facing Down 
"51.50 49 48 47 46 45 44 43 42 41 Sry 
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Figure 2. 80C 188 Pinout Diagrams 
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Name and Function 


System Power: +5 volt power supply. . 
System Ground. 


Reset Output indicates that the 80C188 CPU is being reset, and can 
be used as a system reset. It is active HIGH, synchronized with the 
processor clock, and lasts an integer number of clock periods 
corresponding to the length of the RES signal. Reset goes inactive 2 
clockout periods after RES goes inactive. When tied to the TEST pin, 
Reset forces the 80C188 into enhanced mode. 


Crystal Inputs X1 and X2 provide external connections for a 
fundamental mode or third overtone parallel resonant crystal for the 
internal oscillator. X1 can connect to an external clock instead of a 
crystal. In this case, minimize the capacitance on X2 or drive X2 with 
complemented X1. The input or oscillator frequency is internally 
divided by two to generate the clock signal (CLKOUT). 


Clock Output provides the system with a 50% duty cycle waveform. 
All device pin timings are specified relative to CLKOUT. 


pea aa Ba 


System Reset causes the 80C188 to immediately terminate its 
present activity, clear the internal logic, and enter a dormant state. 
This signal may be asynchronous to the 80C188 clock. The 80C188 
begins fetching instructions approximately 7 clock cycles after RES is 
returned HIGH. For proper initialization, Vcc must be within 
specifications and the clock signal must be stable for more than 4 
clocks with RES held LOW. RES is internally synchronized. This input 
is provided with a Schmitt-trigger to facilitate power-on RES 
generation via an RC network. When RES occurs, the 80C188 will 
drive the status lines to an inactive level for one clock, and then float 
them. 3 


The TEST pin is sampled during and after reset to determine whether 
the 80C188 is to enter Compatible or Enhanced Mode. Enhanced 
Mode requires TEST to be HIGH on the rising edge of RES and LOW 
four clocks later. Any other combination will place the 80C188 in 
Compatible Mode. A weak internal pullup insures a HIGH state when 
the pin is not driven. This pin is examined by the WAIT instruction. If 
the TEST input is HIGH when WAIT execution begins, instruction 
execution will suspend. TEST will be resampled every five clocks until 
it goes LOW, at which time execution will resume. If interrupts are 


ese 
TEST 47 

enabled while the 80C188 is waiting for TEST, interrupts will be 
. serviced. 


TMR IN 0, 20 Timer Inputs are used either as clock or control signals, depending 
TMR IN 1 ae upon the programmed timer mode. These inputs are active HIGH (or 


LOW-to-HIGH transitions are counted) and internally synchronized. 


TMR OUT 0, re Timer outputs are used to provide single pulse or continous waveform 
TMR OUT 1 23 generation, depending upon the timer mode selected. 
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Table 1. 80C188 Pin Description (Continued) 


DMA Reauest is driven HIGH by an external device when it desires 
that a DMA channel (Channel 0 or 1) perform a transfer. These 
signals are active HIGH, level-triggered, and internally synchronized. 


Non-Maskable Interrupt is an edge-triggered input which causes a 
type 2 interrupt. NMI is not maskable internally. A transition from a 
LOW to HIGH initiates the interrupt at the next instruction boundary. 
NMI is latched internally. An NMI duration of one clock or more will 
guarantee service. This input is internally synchronized. 


INTO, INT1 Maskable Interrupt Requests can be requested by activating one of 

INT2/INTAO these pins. When configured as inputs, these pins are active HIGH. 

INT3/INTA1 Interrupt Requests are synchronized internally. INT2 and INT3 may 
be configured via software to provide active-LOW interrupt- 
acknowledge output signals. All interrupt inputs may be configured 
via software to be either edge- or level-triggered. To ensure 
recognition, all interrupt requests must remain active until the 
interrupt is acknowledged. When slave mode is selected, the 
function of these pins changes (see Interrupt Controller section of 
this data sheet). 


A19/S6, Address Bus Outputs (16-19) and Bus Cycle Status (3-6) reflect 
A18/S5, the four most significant address bits during T;. These signals are 
A17/S4, active HIGH. During To, T3, Tw, and T4, status information is 
A16/S3 available on these lines as encoded below: 


Leen: Bree, an DReRiele. okey 
| 86 __| Processor Cycle DMA Cycle 
$3, S4, and S5 are defined as LOW during To-T4. 


A15-A8 1, Sy Oe ts Address-Only Bus (15-8) contains valid addresses from T;-T4. The 
10, 12, 14, 16 bus is active high. 


AD7-ADO 2, 4, 6, 8, 1/0 | Address/Data Bus (7-0) signals constitute the time multiplexed 
1%; 13; 462%7 memory or I/O address (T;) and data (To, T3, Tw, and T4) bus. The 
bus is active high. 


S7/RFSH In compatible mode, S7 is high to signify that the 80C188 has an 
8-bit bus except during bus HOLD at which time the pin floats. 
In Enhanced Mode, S7 will become S7/RFSH in order to signify 
DRAM refresh cycles. A refresh cycle is indicated by S7/RFSH 
c being LOW. 
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Table 1. 80C186 Pin Description (Continued) 


| Symbol | PinNo. | Type | Name and Function 


ALE/QSO =e Address Latch Enable/Queue Status 0 is provided by the 80C188 


to latch the address. ALE is active HIGH. Addresses are 
WR/ <> 


guaranteed to be valid on the trailing edge of ALE. The ALE rising 
edge is generated off the rising edge of the CLKOUT immediately 
preceding T; of the associated bus cycle, effectively one-half clock 
cycle earlier than in the standard 8088. The trailing edge is 
generated off the CLKOUT rising edge in T; as in the 8088. Note 
that ALE is never floated. 


Write Strobe/Queue Status 1 indicates that the data on the bus is 
to be written into a memory or an I/O device. WR is active for To, 
T3, and Tw of any write cycle. It is active LOW, and floats during 
“HOLD.” It is driven HIGH for one clock during Reset, and then 
floated. When the 80C188 is in queue status mode, the ALE/QSO 
and WR/QS1 pins provide information about processor/instruction 
queue interaction. 


No queue operation 

First opcode byte fetched from 
the queue 

Subsequent byte fetched from 
the queue 

Empty the queue 


Read Strobe indicates that the 80C188 is performing a memory or 
1/O read cycle. RD is active LOW for To, T3, and Tw of any read 
cycle. It is guaranteed not to go LOW in To until after the Address 
Bus is floated. RD is active LOW, and floats during “HHOLD’’. RD is 
driven HIGH for one clock during Reset, and then the output driver 
is floated. A weak internal pull-up mechanism of the RD line holds it 
HIGH when the line is not driven. During RESET the pin is sampled 
to determine whether the 80C188 should provide ALE, WR and RD, 
or if the Queue-Status should be provided. RD should be 
connected to GND to provide Queue-Status data. 


Asynchronous Ready informs the 80C188 that the addressed 
memory space or I/O device will complete a data transfer. The 
ARDY input pin will accept an asynchronous input, and is active 
HIGH. Only the rising edge is internally synchronized by the 
80C188. This means that the falling edge of ARDY must be 
synchronized to the 80C188 clock. If connected to Vcc, no WAIT 
states are inserted. Asynchronous ready (ARDY) or synchronous 
ready (SRDY) must be active to terminate a bus cycle. If unused, 
this line should be tied LOW to yield control to the SRDY pin. 


Synchronous Ready must be synchronized externally to the 
80C188. The use of SRDY provides a relaxed system-timing 
specification on the Ready input. This is accomplished by 
eliminating the one-half clock cycle which is required for internally 
resolving the signal level when using the ARDY input. This line is 
active HIGH. If this line is connected to Vcc, no WAIT states are 
inserted. Asynchronous ready (ARDY) or synchronous ready 
(SRDY) must be active before a bus cycle is terminated. If unused, 
this line should be tied LOW to yield control to the ARDY pin. 
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Table 1. 80C188 Pin Description (Continued) 


LOCK output indicates that other system bus masters are not to gain 
control of the system bus while LOCK is active LOW. The LOCK 
signal is requested by the LOCK prefix instruction and is activated at 
the beginning of the first data cycle associated with the instruction | 
following the LOCK prefix. It remains active until the completion of 
the instruction following the LOCK prefix. No prefetches will occur 
while LOCK is asserted. LOCK is active LOW, is driven HIGH for one 
clock during RESET, and then floated. 


Bus cycle status SO-S2 are encoded to provide bus-transaction | 
information: | 


80C 188 Bus Cycle Status Information | 
| S2. | Si_| 80 |  BusCycle Initiated 


Interrupt Acknowledge 
Read |/O - 

Write I/O 

Halt 

Instruction Fetch 

Read Data from Memory 
Write Data to Memory 
Passive (no bus cycle) 


The status pins float during HOLD/HLDA. 

S2 may be used as a logical M/IO indicator, and S1 as aDT/R 

indicator. 

The status lines are driven HIGH for one clock during Reset, and 

then floated until a bus cycle begins. | 


HOLD (input) HOLD indicates that another bus master is requesting the local bus. 

HLDA (output) The HOLD input is active HIGH. HOLD may be asynchronous with 
respect to the 80C188 clock. The 80C188 will issue a HLDA (HIGH) 
in response to a HOLD request at the end of T4 or T;. Simultaneous 
with the issuance of HLDA, the 80C188 will float the local bus and 
control lines. After HOLD is detected as being LOW, the 80C188 will 
lower HLDA. When the 80C188 needs to run another bus cycle, it will | 
again drive the local bus and control lines. | 


In Enhanced Mode, HLDA will go low when a DRAM refresh cycle is | 
pending in the 80C188 and an external bus master has control of the 
bus. It will be up to the external master to relinquish the bus by 

lowering HOLD so that the 80C 188 may execute the refresh cycle. 
Lowering HOLD for four clocks and returning HIGH will insure only 

one refresh cycle to the external master. HLDA will immediately go 

active after the refresh cycle has taken place. 


Upper Memory Chip Select is an active LOW output whenever a 
memory reference is made to the defined upper portion (1K-—256K 
block) of memory. This line is not floated during bus HOLD. The 
address range activating UCS is software programmable. 


UCS and LCS are sampled upon the rising edge of RES. If both pins 
are held low, the 80C188 will enter ONCET™ Mode. In ONCE Mode 
all pins assume a high impedance state and remain so until a 
subsequent RESET. UCS has a weak internal pullup for normal 
operation. 


—_- et tt OO OO 
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Lower Memory Chip Select is active LOW whenever a 
memory reference is made to the defined lower portion (1K- 
256K) of memory. This line is not floated during bus HOLD. 
The address range activating LCS is software 
programmable. 


UCS and LCS are sampled upon the rising edge of RES. If 
both pins are held low, the 80C186 will enter ONCE Mode. In 
ONCE Mode all pins assume a high impedance state and 
remain so until a subsequent RESET. LCS has a weak 
internal pullup for normal operation. 


38, 37, 30,90 Mid-Range Memory Chip Select signals are active LOW 
when a memory reference is made to the defined mid-range 
portion of memory (8K-512K). These lines are not floated 
during bus HOLD. The address ranges activating MCSO-3 
are software programmable. 


25 Peripheral Chip Select signals 0-4 are active LOW when a 
reference is made to the defined peripheral area (64K byte 


27, 28, 29, 30 |/O space). These lines are not floated during bus HOLD. 
The address ranges activating PCSO-—4 are software 
programmable. 


Peripheral Chip Select 5 or Latched A1 may be programmed 
to provide a sixth peripheral chip select, or to provide an 
internally latched A1 signal. The address range activating 
PCS5 is software programmable. When programmed to 
provide latched. A1, rather than PCSS5, this pin will retain the 
previously latched value of A1 during a bus HOLD. A1 is 
active HIGH. 


Peripheral Chip Select 6 or Latched A2 may be programmed 
to provide a seventh peripheral chip select, or to provide an 
internally latched A2 signal. The address range activating 
PCS6 is software programmable. When programmed to 
provide latched A2, rather than PCS6, this pin will retain the 
previously latched value of A2 during a bus HOLD. A2 is 
active HIGH. 


Data Transmit/Receive controls the direction of data flow 
through the external 8286/8287 data bus transceiver. When 
LOW, data is transferred to the 80C188. When HIGH the 
80C188 places write data on the data bus. 


Data Enable is provided as an 8286/8287 data bus 
transceiver output enable. DEN is active LOW during each 
memory and I/O access. DEN is HIGH whenever DT/R 
changes state. 
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FUNCTIONAL DESCRIPTION 


Introduction 


The following. Functional Description describes the 
base architecture of the 80C188. This architecture is 
common to the 8086, 8088, 80186 and 80286 micro- 
processor families as well. The 80C188 is a very 
high integration 16-bit microprocessor. It combines 
15-20 of the most common microprocessor system 
components onto one chip. The 80C188 is object 
code compatible with the 8086/8088 microproces- 
sors and adds 10 new instruction types to the exist- 
ing 8086/8088 instruction set. 


The 80C188 has two major modes of operation, 
Compatible and Enhanced. In Compatible Mode the 
80C188 is completely compatible with NMOS 
80188, with the exception of 8087 support. All pin 
functions, timings, and drive capabilities are identi- 
cal. The Enhanced mode adds two new features to 
the system design. These are Power-Save control 
and Dynamic RAM refresh. 


80C188 BASE ARCHITECTURE 


The 8086, 8088, 80186, and 80286 families all con- 
tain the same basic set of registers, instructions, and 
addressing modes. The 80C188 processor is up- 
ward compatible with the 8086, 8088, and 80286 
CPUs. 


Register Set 


The 80C188 base architecture has fourteen regis- 
ters as shown in Figures 3a and 3b. These registers 
are grouped into the following categories. 


General Registers 


Eight 16-bit general purpose registers may be used 
to contain arithmetic and logical operands. Four of 


80C188 
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these (AX, BX, CX, and DX) can be used as 16-bit 
registers or split into pairs of separate 8-bit registers. 


Segment Registers 


Four 16-bit special purpose registers select, at any 
given time, the segments of memory that are imme- 
diately addressable for code, stack, and data. (For 
usage, refer to Memory Organization.) 


Base and Index Registers 


Four of the general purpose registers may also be 
used to determine offset addresses of operands in 
memory. These registers may contain base address- 
es or indexes to particular locations within a seg- 
ment. The addressing mode selects the specific reg- 
isters for operand and address calculations. 


Status and Control Registers. 


Two 16-bit special purpose registers record or alter 
certain aspects of the 80C188 processor state. 
These are the Instruction Pointer Register, which 
contains the offset address of the next sequential 
instruction to be executed, and the Status Word 
Register, which contains status and control flag bits 
(see Figures 3a and 3b). 


Status Word Description 


The Status Word records specific characteristics of 
the result of logical and arithmetic instructions (bits 
0, 2, 4, 6, 7, and 11) and controls the operation of 
the 80C186 within a given operating mode (bits 8, 9, 
and 10). The Status Word Register is 16-bits wide. 
The function of the Status Word bits is shown in 
Table 2. 
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16-BIT SPECIAL 
REGISTER REGISTER | 
NAME FUNCTIONS 


15 0 


CODE SEGMENT SELECTOR 


DATA SEGMENT SELECTOR 


BYTE AX 

MULTIPLY/DIVIDE 
ADDRESSABLE : 
(8-BIT ar 1/0 INSTRUCTIONS ss STACK SEGMENT SELECTOR 
REGISTER ; 
NAMES ES EXTRA SEGMENT SELECTOR 
SHOWN) Cx LOOP/SHIFT/REPEAT/COUNT 

SEGMENT REGISTERS 


BASE REGISTERS 


‘STATUS WORD 


INDEX REGISTERS 


INSTRUCTION POINTER 


STATUS AND CONTROL 
REGISTERS 


STACK POINTER 


GENERAL 
REGISTERS 


Figure 3a. 80C 188 Register Set 


STATUS FLAGS: 
CARRY 

PARITY 
AUXILIARY CARRY 
ZERO 

SIGN 

OVERFLOW 


14 
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CONTROL FLAGS: 
TRAP FLAG 
INTERRUPT ENABLE 
DIRECTION FLAG 


\\\\\ INTEL RESERVED : 270432-5 
Figure 3b. Status Word Format 
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Table 2. Status Word Bit Functions 


Carry Flag—Set on high-order 
bit carry or borrow; cleared 
otherwise 


Parity Flag—Set if low-order 8 
bits of result contain an even 
number of 1-bits; cleared 
otherwise 


Set on carry from or borrow to 
the low order four bits of AL; 
cleared otherwise 


Sign Flag—Set equal to high- 
order bit of result (0 if positive, 
1 if negative) 


Single Step Flag—Once set, a 
single step interrupt occurs 
after the next instruction 
executes. TF is cleared by the 
single step interrupt. 


Interrupt-enable Flag—When 
set, maskable interrupts will 
cause the CPU to transfer 
control to an interrupt vector 
specified location. 


Direction Flag—Causes string 
instructions to auto decrement 
the appropriate index register 
when set. Clearing DF causes 
auto increment. 


Overflow Flag—Set if the 


signed result cannot be 


expressed within the number 
of bits in the destination 
operand; cleared otherwise 
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instruction Set 


The instruction set is divided into seven categories: 
data transfer, arithmetic, shift/rotate/logical, string 
manipulation, control transfer, high-level instruc- 
tions, and processor control. These categories are 
summarized in Figure 4. 


An 80C188 instruction can reference anywhere from 
zero to several operands. An operand can reside in 
a register, in the instruction itself, or in memory. Spe- 
cific operand addressing modes are discussed later 
in this data sheet. 


Memory Organization 


Memory is organized in sets of segments. Each seg- 
ment is a linear contiguous sequence of up to 64K 
(216) 8-bit bytes. Memory is addressed using a two- 
component address (a pointer) that consists of a 16- 
bit base segment and a 16-bit offset. The 16-bit 
base values are contained in one of four internal 
segment register (code, data, stack, extra). The 
physical address is calculated by shifting the base 
value LEFT by four bits and adding the 16-bit offset 
value to yield a 20-bit physical address (see Figure 
5). This allows for a 1 MByte physical address size. 


All instructions that address operands in memory 
must specify the base segment and the 16-bit offset 
value. For speed and compact instruction encoding, 
the segment register used for physical address gen- 
eration is implied by the addressing mode used (see 
Table 3). These rules follow the way programs are 
written (see Figure 6) as independent modules that 
require areas for code and data, a stack, and access 
to external data areas. 


Special segment override instruction prefixes allow 
the implicit segment register selection rules to be 
overridden for special cases. The stack, data, and 
extra segments may coincide for simple programs. 
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Move byte or word 


Push word onto stack 


| POP | Popwordoffstack 

| IN __|__inputbyteorword 

Output byte or word 
ADDRESS OBJECT 


ADDITION 


Decimal adjust for addition 

| SUB | Subtractbyteorword 
| S88 | _ Subtract byte or word with borrow _| 
| DEC | Decrement byte orwordby1 
| NEG | _Negatebyteorword 
ou ee 

ia ee 


. LOGICALS 
NOT 
ca aE 
“Test” byte or word 


| SHL/SAL_| Shift logical/arithmetic left byte or word _| 
| SHR___| Shiftlogicalright byte orword 
Shift arithmetic right byte or word 
| 
| ROR | Rotaterightbyteorword 
RCL 
RCR 
D 
D 
| 
| 


Set direction flag 
Clear direction flag 
Set interrupt enable flag 
CL Clear interrupt enable fla 
ASCIl adjust for subtraction ea SaaS 
ee ee Decimal adjust for subtraction 
MULTIPLI re ON Halt until interrupt or reset 
iaaiabivtidtoor whi treteneed WAIT Wait for TEST pin active 
IMUL ace multiply byte or ae Sis adhik beidie i! eelecone 
LOR. | | Lock bus during next instruction 
| AAM | __ASCll adjust for multiply = piper 
DIV Divide byte or word unsigned 


LiNOP <p ENe operation) 
IDIV Integer divide byte or word 


ASCIl adjust for division 
Convert byte to word 
CWD Convert word to doubleword 


Compare byte or word 


LEAVE Restore stack for procedure exit 
BOUND Detects values outside prescribed range 


Figure 4. 80C 188 Instruction Set 


22-175 


mr 


intel eg ADVANCE INFORMATION 


Jump if carry 


JE/JZ Jump if equal/zero 


CALL 
RET 
JMP 


ITERATION CONTROLS ; 


BS 
Loop if equal/zero 
Loop if not equal/not zero 
Jump if register CX = 0 
INTERRUPTS 


JNS 


ra 
O 
O 
vU 
m 
= 
i 
! 
O 
U 
N 


Figure 4. 80C 188 Instruction Set (Continued) . 


To access operands that do-not reside in one of the 
four immediately available segments, a full 32-bit 
pointer can be used to reload both the base (seg- 
ment) and offset values. 

MODULE A 


LOGICAL 
ADDRESS 


SHIFT LEFT 4 BITS SEGMENT 
BASE 


PA ars 240 BM PHYSICAL ADDRESS 


19 0 
TO MEMORY 
270432-6 


: PROCESS 

Figure 5. Two Component Address STARK 
SEGMENT 
REGISTERS 


Table 3. Segment Register Selection Rules 


Memory | Segment 
Reference | Register 


Implicit Segment 
Selection Rule 


Instruction prefetch and 
immediate data. 

All stack pushes and 
pops; any memory 
references which use BP 
Register as a base 
register. : 

All string instruction 
references which use 

the DI register as an 
index. 

Local Data | Data (DS) | All other data references. 


Instructions | Code (CS) 


Stack (SS) 


External 
Data 
(Global) 


Extra (ES) 
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Figure 6. Segmented Memory Helps 
Structure Software 
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Addressing Modes 


The 80C188 provides eight categories of addressing 
modes to specify operands. Two addressing modes 
are provided for instructions that operate on register 
or immediate operands: 


e Register Operand Mode: The operand is located 
in one of the 8- or 16-bit general registers. 


e /mmediate Operand Mode: The operand is in- 
cluded in the instruction. 


Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: a seg- 
ment base and an offset. The segment base is sup- 
plied by a 16-bit segment register either implicitly 
chosen by the addressing mode or explicitly chosen 
by a segment override prefix. The offset, also called 
the effective address, is calculated by summing any 
combination of the following three address ele- 
ments: 


e the displacement (an 8- or 16-bit immediate value 
contained in the instruction); 2 


e the base (contents of either the BX or BP base 
registers); and 


e the index (contents of either the SI or DI index 
registers). 


Any carry out from the 16-bit addition is ignored. 
Eight-bit displacements are sign extended to 16-bit 
values. 


Combinations of these three address elements de- 
fine the six memory addressing modes, described 
below. 


e Direct Mode: The operand’s offset is contained in 
the instruction as an 8- or 16-bit displacement el- 
ement. 


e Register Indirect Mode: The operand’s offset is in 
one of the registers SI, DI, BX, or BP. 


e Based Mode: The operand’s offset is the sum of 
an 8- or 16-bit displacement and the contents of 
a base register (BX or BP). 


e /ndexed Mode: The operand’s offset is the sum 
of an 8- or 16-bit displacement and the contents 
of an index register (SI or DI). , 


e Based Indexed Mode: The operand’s offset is the 
sum of the contents of a base register and an 
Index register. 


e Based indexed Mode with Displacement: The op- 
erand’s offset is the sum of a base register’s con- 
tents, an index register’s contents, and an 8- or 
16-bit displacement. 
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Data Types 


The 80C188 directly supports the following data 
types: 


e /nteger: A signed binary numeric value contained 
in an 8-bit byte or a 16-bit word. All operations 
assume a 2’s complement representation. 


© Ordinal: An unsigned binary numeric value con- 
tained in an 8-bit byte or a 16-bit word. 


e Pointer: A 16- or 32-bit quantity, composed of a 
16-bit offset component or a 16-bit segment base 
component in addition to a 16-bit offset compo- 
nent. 


e String: A contiguous sequence of bytes or words. 
A string may contain from 1 to 64K bytes. 


e ASCI/: A byte representation of alphanumeric and 
control characters using the ASCII standard of 
character representation. 


e BCD: A byte (unpacked) representation of the 
decimal digits 0-9. 


e Packed BCD: A byte (packed) representation of 
two decimal digits (0-9). One digit is stored in 
each nibble (4-bits) of the byte. 


In general, individual data elements must fit within 
defined segment limits. Figure 7 graphically repre- 
sents the data types supported by the 80C188. 


I/O Space 


The I/O space consists of 64K 8-bit or 32K 16-bit 
ports. Separate instructions address the I/O space 
with either an 8-bit port address, specified in the in- 
struction, or a 16-bit port address in the DX register. 
8-bit port addresses are zero extended such that 
Ais5-Ag are LOW. I/O port addresses OOF8(H) 
through OOFF(H) are reserved. 


Interrupts 


An interrupt transfers execution to a new program 
location. The old program address (CS:IP) and ma- 
chine state (Status Word) are saved on the stack to 
allow resumption of the interrupted program. Inter- 
rupts fall into three classes: hardware initiated, INT 
instructions, and instruction exceptions. Hardware 
initiated interrupts occur in response to an external 
input and are classified as non-maskable or maska- 
ble. 


Programs may cause an interrupt with an INT in- 
struction. Instruction exceptions occur when an un- 
usual condition, which prevents further instruction 
processing, is detected while attempting to execute 
an instruction. If the exception was caused by at- 
tempted execution of an ESC instruction, the return 
instruction will point to the ESC instruction, or to the 
segment override prefix immediately preceding 
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SIGNED 
BYTE 
SIGN BIT—! 
MAGNITUDE 


7 0 


UNSIGNED 
BYTE 


& 
{ MSB j 
MAGNITUDE 


+1 0 
1514 87 0 


SIGNED 
WORD 
SIGN BIT~LCMSB 
MAGNITUDE 


0 
15 0 


UNSIGNED 
WORD 
UMsB 
MAGNITUDE 


BINARY 
CODED 


DECIMAL scp BCD BCD 
(BCD) piciTN DIGIT 1. DIGIT O 


+N +1 0 , 
7 0 7 07 0 
ASCII ASCII ASCII 
CHARACTER, CHARACTER, CHARACTER, 


+N +1 0 

7 0 7 07 0 
PACKED 

LJ LJ 

MOST “LEAST 
SIGNIFICANT DIGIT 


+N +1 
715 0 715 


SIGNIFICANT DIGIT 


0 
U'7 13: 


BYTE/WORD N BYTE/WORD 1 BYTE/WORD 0 


+3 +2 +1 0 
31 1615 0 


POINTER 


Bick oar i ti, ee ad 
SELECTOR OFFSET 
270432-8 


Figure 7. 80C 188 Supported Data Types 
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the ESC instruction if the prefix was present. In all 
other cases, the return address from an exception 
will point at the instruction immediately following the 
instruction causing the exception. 


A table containing up to 256 pointers defines the 
proper interrupt service routine for each interrupt. In- 
terrupts 0-31, some of which are used for instruc- 
tion exceptions, are reserved. Table 4 shows the 
80C188 predefined types and default priority levels. 
For each interrupt, an 8-bit vector must be supplied 
to the 80C186 which identifies the appropriate table 
entry. Exceptions supply the interrupt vector inter- 
nally. In addition, internal peripherals and noncas- 
caded external interrupts will generate their own 
vectors through the internal interrupt controller. INT 
instructions contain or imply the vector and allow 
access to all 256 interrupts. Maskable hardware ini- 
tiated interrupts supply the 8-bit vector to the CPU 
during an interrupt acknowledge bus sequence. 
Non-maskable hardware interrupts use a predefined 
internally supplied vector. 


Interrupt Sources 


The 80C188 can service interrupts generated by 
software or hardware. The software interrupts are 
generated by specific instructions (INT, ESC, unused 
OP, etc.) or the results of conditions specified by 
instructions (array bounds check, INTO, DIV, IDIV, 
etc.). All interrupt sources are serviced by an indirect 
call through an element of a vector table. This vector 
table is indexed by using the interrupt vector type 
(Table 4), multiplied by four. All hardware-generated 
interrupts are sampled at the end of each instruc- 
tion. Thus, the software interrupts will begin service 
first. Once the service routine is entered and inter- 
rupts are enabled, any hardware source of sufficient 
priority can interrupt the service routine in progress. 


The software generated 80C188 interrupts. are de- 
scribed below. 


DIVIDE ERROR EXCEPTION (TYPE 0) 


Generated when a DIV or IDIV instruction quotient 
cannot be expressed in the number of bits in the 
destination. 


SINGLE-STEP INTERRUPT (TYPE 1) 


Generated after most instructions if the TF flag is 
set. Interrupts will not be generated after prefix in- 
structions (e.g., REP), instructions which modify seg- 
ment registers (e.g., POP DS), or the WAIT instruc- 
tion. 


NON-MASKABLE INTERRUPT—NMI (TYPE 2) 


An external interrupt source which cannot be 
masked. 
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Table 4. 800188 Interrupt Vectors 


Divide Error 
Exception 
Single Step All 
Interrupt 
NMI All 
Breakpoint J INT 
Interrupt 
INTO Detected e INTO 
Overflow 
Exception 
Array Bounds 
Exception 
Unused-Opcode 
Exception 
ESC Opcode 
Exception 
Timer 0 Interrupt 
Timer 1 Interrupt 
Timer 2 Interrupt 
Reserved 
DMA 0 Interrupt 
DMA 1 Interrupt 
INTO Interrupt 
INT1 Interrupt 
INT2 Interrupt 
INT3 Interrupt 


BOUND 


Undefined 
Opcodes 
ESC Opcodes 


NOTES: 

*1. These are generated as the result of an instruction exe- 
cution. 

**2. This is handled as in the 8088. 

****3. All three timers constitute one source of request to 
the interrupt controller. The Timer interrupts all have the 
same default priority level with respect to all other interrupt 
sources. However, they have a defined priority ordering 
amongst themselves. (Priority 2A is higher priority than 2B.) 
Each Timer interrupt has a separate vector type number. 
4. Default priorities for the interrupt sources are used only if 
the user does not program each source into a unique prior- 
ity level. 

***5. An escape opcode will cause a trap regardless of the 
80C188 operating mode. 


BREAKPOINT INTERRUPT (TYPE 3) 


A one-byte version of the INT instruction. It uses 12 
as an index into the service routine address table 
(because it is a type 3 interrupt). 


INTO DETECTED OVERFLOW EXCEPTION 
(TYPE4) 


Generated during an INTO instruction if the OF bit is 
set. 
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ARRAY BOUNDS EXCEPTION (TYPE 5) 


Generated during a BOUND instruction if the array 
index is outside the array bounds. The array bounds 
are located in memory at a location indicated by one 
of the instruction operands. The other operand indi- 
cates the value of the index to be checked. 


UNUSED OPCODE EXCEPTION (TYPE 6) 


Generated if execution is attempted on undefined 
opcodes. 


ESCAPE OPCODE EXCEPTION (TYPE 7) 


Generated if execution is attempted of ESC opcodes 
(D8H—DFH). The 80C188 does not check an escape 
opcode trap bit as does the 80C186. On the 
80C188, ESC traps occcur in both compatible and 
enhanced operating modes. The return address of 
this exception will point to the ESC instruction caus- 
ing the exception. If a segment override prefix pre- 
ceded the ESC instruction, the return address will 
point to the segment override prefix. 


Hardware-generated interrupts are divided into two 
groups: maskable interrupts and non-maskable in- 
terrupts. The 80C188 provides maskable hardware 
interrupt request pins INTO-INTS. In addition, mask- 
able interrupts may be generated by the 80C188 in- 
tegrated DMA controller and the integrated timer 
unit. The vector types for these interrupts is shown 
in Table 4. Software enables these inputs by setting 
the interrupt flag bit (IF) in the Status Word. The in- 
terrupt controller is discussed in the peripheral sec- 
tion of this data sheet. 


Further maskable interrupts are disabled while serv- 
icing an interrupt because the IF bit is reset as part 
of the response to an interrupt or exception. The 
saved Status Word will reflect the enable status of 
the processor prior to the interrupt. The interrupt flag 
will remain zero unless specifically set. The interrupt 
return instruction restores the Status Word, thereby 
restoring the original status of IF bit. If the interrupt 
return re-enables interrupts, and another interrupt is 
pending, the 80C188 will immediately service the 
highest-priority interrupt pending, i.e., no instructions 
of the main line program will be executed. 


Non-Maskable Interrupt Request (NMI) 


A non-maskable interrupt (NMI) is also provided. 
This interrupt is serviced regardless of the state of 
the IF bit. A typical use of NMI would be to activate a 
power failure routine. The activation of this input 
Causes an interrupt with an internally supplied vector 
value of 2. No external interrupt acknowledge se- 
quence is performed. The IF bit is cleared at the 
beginning of an NMI interrupt to prevent maskable 
interrupts from being serviced. 
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Single-Step Interrupt 


The 80C188 has an internal interrupt that allows pro- 
grams to execute one instruction at a time. It is 
called the single-step interrupt and is controlled by 
the single-step flag bit (TF) in the Status Word. Once 
this bit is set, an internal single-step interrupt will 
occur after the next instruction has been executed. 
The interrupt clears the TF bit and uses an internally 
supplied vector of 1. The IRET instruction is used to 
set the TF bit and transfer control to the next instruc- 
tion to be single-stepped. 


Initialization and Processor Reset 


Processor initialization or startup is accomplished by 
driving the RES input pin LOW. RES forces the 
80C188 to terminate all execution and local bus. ac- 
tivity. No instruction or bus activity will occur as long 
as RES is active. After RES becomes inactive and 
an internal processing interval elapses, the 80C188 
begins execution with the instruction at physical lo- 
cation FFFFO(H). RES also sets some registers to 
predefined values as shown in Table 5. 


Table 5. 80C 188 Initial Register 
State after RESET 
Status Word 
_ Instruction Pointer 
Code Segment 
Data Segment 


F002(H) 
0000(H) 
FFFF(H) 
0000(H) 
0000(H) 
0000(H) 
20FF(H) 
FFFB(H) 


Extra Segment 
Stack Segment 
Relocation Register 
UMCS 


THE 80C188 COMPARED TO THE 
80C 186 


The 80C188 is an 8-bit. processor designed based 
on the 80C188 internal structure. Most internal func- 
tions of the 80C188 are identical to the equivalent 
80C186 functions. The 80C188 handles the external 
bus the same way the 80C186 does with the distinc- 


tion of handling only 8 bits at a time. Sixteen-bit op- 


erands are fetched or written in two consecutive bus 
cycles. The processors will look the same to the 
software engineer, with the exception of execution 
time. The internal register structure is identical and 
all instructions except numerics instructions have 
the same end result. Internally, there are four differ- 
ences between the 80C188 and the 80C186. All 
changes are related to the 8-bit bus interface. 


e The queue length is 4 bytes in the 80C188, 
whereas the 80C186 queue contains 6 bytes, or 
three words. The queue was shortened to pre- 
vent overuse of the bus by the BIU when pre- 
fetching instructions. This was required because 
of the additional time necessary to fetch instruc- 
tions 8 bits at a time. 


e To further optimize the queue, the prefetching al- 
gorithm was changed. The 80C188 BIU will fetch 
a new instruction to load into the queue each 
time there is a 1-byte hole (space available) in the 
queue. The 80C186 waits until a 2-byte space is 
available. 


e The internal execution time of an instruction is 
affected by the 8-bit interface. All 16-bit fetches 
and writes from/to memory take an additional 
four clock cycles. The CPU may also be limited 
by the rate of instruction fetches when a series of 
simple operations occur. When the more sophisti- 
cated instructions of the 80C188 are being used, 
the queue has more time to fill and the execution 
proceeds more closely to the speed at which the 
execution unit will allow. 


e The 80C188 does not have a numerics interface, 
since the 80C186 numerics interface inherently 
requires 16-bit communication with the numerics 
coprocessor. 


The 80C188 and 80C186 are completely software 
compatible (except for numerics instructions) by vir- 
tue of their identical execution units. However, soft- 
ware that is system dependent may not be com- 
pletely transferable. 


The bus interface and associated control signals 
vary somewhat between the two processors. The 
pin assignments are nearly identical, with the follow- 
ing functional changes: 


e A8-A15—These pins are only address outputs 
on the 80C188. These address lines are latched 
internally and remain valid throughout the bus cy- 
cle. 


e BHE has no meaning on the 80C188. However, it 
was necessary to designate this pin the 
S7/RFSH pin in order to provide an indication of 
DRAM refresh bus cycles. 


80C188 CLOCK GENERATOR 


The 80C188 provides an on-chip clock generator for 
both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide- 
by-two counter, synchronous and asynchronous 
ready inputs, and reset circuitry. 


Oscillator 


The 80C188 oscillator circuit is designed to be used 
either with a parallel resonant fundamental or third- 
overtone mode crystal, depending upon the frequen- 
cy range of the application as shown in Figure 8c. 
This is used as the time base for the 80C188. The 
crystal frequency chosen should be twice the re- 
quired processor frequency. Use of an LC or RC cir- 
cuit is not recommended. 
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The output of the oscillator is not directly available 
outside the 80C188. The two recommended crystal 
configurations are shown in Figure 8a. When used in 
third-overtone mode the tank circuit shown in Figure 
8b is recommended for stable operation. The sum of 
the stray capacitances and loading capacitors 
should equal the values shown. It is advisable to lim- 
it stray capacitance between the X1 and X2 pins to 
less than 10 pF. While a fundamental-mode circuit 
will require approximately 1 ms for start-up, the third- 
overtone arrangement may require 1 ms to 3 ms to 
stabilize. 


Alternately the oscillator pins may be driven from an 


external source in a configuration shown in Figure . 


8d or Figure 8e. The configuration shown in Figure 
8f is not recommended. 


The following parameters may be used for choosing 
a crystal: 


Temperature Range: 0 to 70°C 
ESR (Equivalent Series Resistance): 402M max 
Co (Shunt Capacitance of Crystal): 7.0 pF max 
C, (Load Capacitance): 20 pF + 2pF 
Drive Level: 1 mW max 
Clock Generator 


The 800188 clock generator provides the 50% duty 
cycle processor clock for the 800188. It does this by 
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dividing the oscillator output by 2 forming the sym- 
metrical clock. If an external oscillator is used, the 
state of the clock generator will change on the fall- 
ing edge of the oscillator signal. The CLKOUT pin 
provides the processor clock signal for use outside 
the 80C188. This may be used to drive other system 
components. All timings are referenced to the output 
clock. 


READY Synchronization 


The 80C188 provides both synchronous and asyn- 
chronous ready inputs. Asynchronous ready syn- 
chronization is accomplished by circuitry which sam- 
ples ARDY in the middle of To, T3 and again in the 
middle of each Tw until ARDY is sampled HIGH. 
One-half CLKOUT cycle of resolution time is used. 
Full synchronization is performed only on the rising 
edge of ARDY, i.e., the falling edge of ARDY must 
be synchronized to the CLKOUT signal if it will occur 
during To, T3, or Tw. High-to-LOW transitions of 
ARDY must be performed synchronously to the CPU 
clock. 


A second ready input (SRDY) is provided to inter- - 
face with externally synchronized ready signals. This 
input is sampled at the end of To, T3 and again at 
the end of each Tw until it is sampled HIGH. By 
using this input rather than the asynchronous ready 
input, the half-clock cycle resolution time penalty is 
eliminated. 


os 
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5 CRYSTAL 


X2 
800188 


NOTE: 

XTAL Frequency L1 Value 
20 MHz 12.0 wH +20% 
25 MHz 8.2 wH +20% 


270432-9 32 MHz 4.7 wH +20% 


Recommended Crystal Mode Third=Overtone 


Eaemecaprers Fundamental Ste 


Desired CPU Frequency 10 MHz 12.5 MHz 


External Clock Source 


(8c) 


External Clock Source X1 


X2 
80C188 


270432-10 
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270432-12 


x1 


X2- External Clock Source 
80C188 


270432-13 
(8f) 
(DO NOT USE) 


Figure 8. 80C 188 Oscillator Configurations (see text) 
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This input must satisfy set-up and hold times to guar- 
antee proper operation of the circuit. 


In addition, the 80C188, as part of the integrated 
chip-select logic, has the capability to program WAIT 
states for memory and peripheral blocks. This is dis- 
cussed in the Chip Select/Ready Logic description. 


RESET Logic 


The 80C188 provides both a RES input pin and a 
synchronized RESET pin for use with other system 
components. The RES input pin on the 80C188 is 
provided with hysteresis in order to facilitate power- 
on Reset generation via an RC network. RESET is 
guaranteed | to remain active for at least five clocks 
given a RES input of at least six clocks. RESET may 
be delayed up to two and one-half clocks behind 
RES. 


Multiple 80C188 processors may be synchronized 
through the RES input pin, since this input resets 
both the processor and divide-by-two internal coun- 
ter in the clock generator. In order to insure that the 
divide-by-two counters all begin counting at the 
same time, the active going edge of RES must satis- 
fy a 25 ns setup time before the falling edge of the 
80C188 clock input. In addition, in order to insure 
that all CPUs begin executing in the same clock cy- 
cle, the reset must satisfy a 15 ns setup time before 
the rising edge of the CLKOUT signal of all the proc- 
essors. 


LOCAL BUS CONTROLLER 


The 80C188 provides a local bus controller to gener- 
ate the local bus control signals. In addition, it em- 
ploys a HOLD/HLDA protocol for relinquishing the 
local bus to other bus masters. It also provides con- 
trol lines that can be used to enable external buffers 
and to direct the flow of data on and off the local 
bus. ° 


Memory/Peripheral Control 


The 80C188 provides ALE, RD, and WR bus control 
signals. The RD and WR signals are used to strobe 
data from memory to the 80C188 or to strobe data 
from the 80C188 to memory. The ALE line provides 
a strobe to address latches for the multiplexed ad- 
dress/data bus. The 80C188 local bus controller 
does not provide a memory/I/O signal. If this is re- 
quired, the user will have to use the S2 signal (which 
will require external latching), make the memory and 
|/O spaces nonoverlapping, or use only the integrat- 
ed chip-select circuitry. 


80C188 


Transceiver Control 


The 80C188 generates two control signals to be 
connected to external transceiver chips. This capa- 
bility allows the addition of transceivers for extra 
buffering without adding external logic. These con- 
trol lines, DT/R and DEN, are generated to control 
the flow of data through the transceivers. The opera- 
tion of these signals is shown in Table 6. 


Table 6. Transceiver Control Signals Description 


DEN (Data Enable) 


Enables the output 
drivers of the 
transceivers. It is active 
LOW during memory, 
I/O, or INTA cycles. 
Determines the direction 
of travel through the 
transceivers. A HIGH 
level directs data away 
from the processor 
during write operations, 
while a LOW level directs 
data toward the 
processor during a read 
operation. 


DT/R (Data Transmit/ 
Receive) 


Local Bus Arbitration 


The 80C188 uses a HOLD/HLDA system of local 
bus exchange. This provides an asynchronous bus 
exchange mechanism. This means multiple masters 
utilizing the same bus can operate at separate clock 
frequencies. The 80C188 provides a single HOLD/ 
HLDA pair through which all other bus masters may 
gain control of the local bus. This requires external 
circuitry to arbitrate which external device will gain 
control of the bus from the 80C188 when there is 
more than one alternate local bus master. When the 
80C188 WE SO control of the local bus, it jeer 


S7/R FSH, and DT/R ‘to allow akother iaster to 
drive these lines directly. 


The 80C188 HOLD latency time, i.e., the time be- 
tween HOLD request and HOLD acknowledge, is a 
function of the activity occurring in the processor 
when the HOLD request is received. A HOLD re- 
quest is the highest-priority activity request which 
the processor may receive: higher than instruction 
fetching or internal DMA cycles. However, if a DMA 
cycle is in progress, the 800188 will complete the 
transfer before relinquishing the bus. This implies 
that if a HOLD request is received just as a DMA 
transfer begins, the HOLD latency time can be as 
great as 4 bus cycles. This will occur if a DMA word 
transfer operation is taking place from an odd ad- 
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dress to an odd address. This is a total of 16 clocks 
or more, if WAIT states are required. In addition, if 
locked transfers are performed, the HOLD latency 
time will be increased by the length of the locked 
transfer. 


Local Bus Controller and Reset 


Upon receipt of a RESET pulse from the RES input, 

the local bus controller will perform the following ac- 

tion: 

e Drive DEN, RD, and WR HIGH for one clock cy- 
cle, then float. 


Pes NOTE: 

RD is also provided with an internal pull-up device 
to prevent the processor from inadvertently enter- 
ing Queue Status mode during reset. 


e Drive SO-S2 to the passive state (all HIGH) and 
then float. 


@ Drive LOCK HIGH and then float. 

e Float ADO-AD7, A8—A19, S7/RFSH, DT/R. 
e Drive ALE LOW (ALE is never floated). 

e Drive HLDA LOW. 


INTERNAL PERIPHERAL INTERFACE 


All the 800188 integrated peripherals are controlled 
via 16-bit registers contained within an_ internal 
256-byte control block. This control block may be 
mapped into either memory or |/O space. Internal 
logic will recognize the address and respond to the 
bus cycle. During bus cycles to internal registers, the 
bus controller will signal the operation externally 
(i.e., the RD, WR, status, address, data, etc., lines 
will be driven as in a normal bus cycle), but a 
SRDY, and ARDY will be ignored. The base address 
of the control block must be on an even 256-byte 
boundary (i.e., the lower 8 bits of the base address 
are all zeros). All of the defined registers within this 
control block may be read or written by the 80C188 
CPU at any time. The location of any register con- 
tained within the 256-byte control block is deter- 
mined by the current base address of the control 
block. 


The control block base address is programmed via a 
16-bit relocation register contained within the control 
block at offset FEH from the base address of the 
control block (see Figure 9). It provides the upper 12 
bits of the base address of the control block. The 
control block is effectively an internal chip select 
range and must abide by all the rules concerning 
chip selects (the chip select circuitry is discussed 
later in this data sheet). Any access to the 256 bytes 
of the control block activates an internal chip select. 


800188 


Other chip selects may overlap the control block 
only if they are programmed to zero wait states and 
ignore external ready. In addition, bit 12 of this regis- 
ter determines whether the control block will be 
mapped into |/O or memory space. If this bit is 1, the 
control block will be located in memory space, 
whereas if the bit is 0, the control block will be locat- 
ed in I/O space. If the control register block is 
mapped into |/O space, the upper 4 bits of the base 
address must be programmed as 0 (since I/O ad- 
dresses are only 16 bits wide). 


In addition to providing relocation information for the 
control block, the relocation register contains bits 
which place the interrupt controller into slave mode. 
At RESET, the relocation register is set to 20FFH. 
This causes the control block to start at FFOOH in 
I/O space. An offset map of the 256-byte control 
register block is shown in Figure 10. 


The integrated 80C188 peripherals operate semi-au- 
tonomously from the CPU. Access to them for the 
most part is via software read/write of the control 
block. Most of these registers can be both read and 
written. A few dedicated lines, such as interrupts and 
DMA request provide real-time communication be- 
tween the CPU and peripherals as in a more con- 
ventional system utilizing discrete peripheral blocks. 
The overall interaction and function of the peripheral 
blocks has not substantially changed. 


CHIP-SELECT/READY GENERATION 
LOGIC 


The 800188 contains logic which provides program- 
mable chip-select generation for both memories and 
peripherals. In addition, it can be programmed to 
provide READY (or WAIT state) generation. It can 
also povide latched address bits A1 and A2. The 
chip-select lines are active for all memory and |/O 
cycles in their programmed areas, whether they be 
generated by the CPU or by the integrated DMA unit. 


Memory Chip Selects 


The 800188 provides 6 memory chip select outputs 
for 3 address areas; upper memory, lower memory, 
and midrange memory. One each is provided for up- 
per memory and lower memory, while four are pro- 
vided for midrange memory. 


The range for each chip select is user-programma- 
ble and can be set to 2K, 4K, 8K, 16K, 32K, 64K, 
128K (plus 1K and 256K for upper and lower chip 
selects). In addition, the beginning or base address 
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7 6 5 a 3 2 1 0 


15 14 19° 12 9 8 
OFFSET: FEH | X |SLAVE/MASTER| X |M/IO Relocation Address Bits R19-R8 


M/IO = Register block located in Memory / |/O Space (1/0) 
SLAVE/MASTER = Configures interrupt controller for Slave/Master Mode (1/0) 


Figure 9. Relocation Register 


OFFSET 


Relocation Register, 


DMA Descriptors Channel 1 
DMA Descriptors Channel 0 


Chip-Select Control Registers 


Time 2 Control Registers 
Time 1 Control Registers 
Time 0 Control Registers 


Interrupt Controller Registers 


Figure 10. Internal Register Map 


of the midrange memory chip select may also be 
selected. Only one chip select may be programmed 
to be active for any memory location at a time. All 
chip select sizes are in bytes, whereas 800188 
memory is arranged in words. This means that if, for 
example, 16 64K x 1 memories are used, the memo- 
ry block size will be 128K, not 64K. 


Upper Memory CS 


The 80C188 provides a chip select, called UCS, for 
the top of memory. The top of memory is usually 
used as the system memory because after reset the 
80C188 begins executing at memory location 
FFFFOH. 


The upper limit of memory defined by this chip select 
is always FFFFFH, while the lower limit is program- 
mable. By programming the lower limit, the size of 
the select block is also defined. Table 7 shows the 
relationship between the base address selected and | 
the size of the memory block obtained. 


Table 7. UMCS Programming Values 


Starting 
Address 
(Base 
Address) 


Memory UMCS Value 
Block (Assuming 
Size RO=R1=R2=0) 


The lower limit of this memory block is defined in the 
UMCS register (see Figure 11). This register is at 
offset AOH in the internal control block. The legal 
values for bits 6-13 and the resulting starting ad- 
dress and memory block sizes are given in Table 7. 
Any combination of bits 6-13 not shown in Table 7 
will result in undefined operation. After reset, the 
UMCS register is programmed for a 1K area. It must 
be reprogrammed if a larger upper memory area is 
desired. | 


Any internally generated 20-bit address whose up- 
per 16 bits are greater than or equal to UMCS (with 
bits O—5 ‘0’’) will cause UCS to be activated. UMCS 
bits R2-RO are used to specify READY mode for the 
area of memory defined by this chip-select register, 
as explained below. : 


Lower Memory CS | 


The 80C188 provides a chip select for low memory 
called LCS. The bottom of memory contains the in- 
terrupt vector table, starting at location OOOOOH. 
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The lower limit of memory defined by this chip select 
is always OH, while the upper limit is programmable. 
By programming the upper limit, the size of the 
memory block is also defined. Table 8 shows the 
relationship between the upper address selected 
and the size of the memory block obtained. 


Table 8. LMCS Programming Values 


LMCS Value 
(Assuming 
RO=R1=R2=0) 


Upper 
Address 


0O3FFH 
007FFH 
OOFFFH 
O1FFFH 
O3FFFH 
O7FFFH 
OFFFFH 
1REEPR 
SFFFFH 


The upper limit of this memory block is defined in the 
LMCS register (see Figure 12). This register is at 
offset A2H in the internal control block. The legal 
values for bits 6-15 and the resulting upper address 
and memory block sizes are given in Table 8. Any 
combination of bits 6-15 not shown in Table 8 will 
result in undefined operation. After reset, the LMCS 
register value is undefined. However, the LCS chip- 
select line will not become active until the LMCS 
register is accessed. 


Any internally generated 20-bit address whose up- 
per 16 bits are less than or equal to LMCS (with bits 
0-5 ‘‘1’’) will cause LCS to be active. LMCS register 
bits R2—R0 are used to specify the READY mode for 
the area of memory defined by this chip-select regis- 
ter. 


Mid-Range Memory CS 


The 80C188 provides four MCS lines which are ac- 
tive within a user-locatable memory block. This 
block can be located within the 80C188 1M byte 
memory address space exclusive of the areas de- 
fined by UCS and LCS. Both the base ad- 
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dress and size of this memory block are programma- 
ble. 


The size of the memory block defined by the mid- 
range select lines, as shown in Table 9, is deter- 
mined by bits 8—14 of the MPCS register (see Figure 
13). This register is at location A8H in the internal 
control block. One and only one of bits 8-14 must 
be set at a time. Unpredictable operation of the MCS 
lines will otherwise occur. Each of the four chip-se- 
lect lines is active for one of the four equal contigu- 
ous divisions of the mid-range block. Thus, if the to- 
tal block size is 32K, each chip select is active for 8K 
of memory with MCSO being active for the first range 
and MCS3 being active for the last range. 


The EX and MS in MPCS relate to peripheral func- 
tionally as described in a later section. 


Table 9. MPCS Programming Values 


Total Block individual MPCS Bits 
'  §ize Select Size 14-8 


0000001B 
0000010B 
0000100B 
0001000B 
0010000B 
0100000B 
1000000B 


The base address of the mid-range memory block is 
defined by bits 15-9 of the MMCS register (see Fig- 
ure 14). This register is at offset A6H in the internal 


control block. These bits correspond to bits 
A19-A13 of the 20-bit memory address. Bits 
A12-A0 of the base address are always 0. The base 
address may be set at any integer multiple of the 
size of the total memory block selected. For exam- 
ple, if the mid-range block size is 32K (or the size of 
the block for which each MCS line is active is 8k), 
the block could be located at 10000H or 18000H, 
but not at 14000H, since the first few integer multi- 
ples of a 32K memory block are OH, 8000H, 
10000H, 18000H, etc. After reset, the contents of 
both of these registers is undefined. However, none 
of the MCS lines will be active until both the MMCS 
and MPCS registers are accessed. 


15 9 8 7 6 5 é 3 2 1 0 
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Figure 11. UMCS Register 
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Figure 12. LMCS Register 
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Figure 13. MPCS Register 


Figure 14. MMCS Register 


MMCS bits R2-RO specify READY mode of opera- 
tion for all mid-range chip selects. All devices in mid- 
range memory must use the same number of WAIT 
states. 


The 512K block size for the mid-range memory chip 
selects is a special case. When using 512K, the 
base address would have to be at either locations 
OOOOOH or 80000H. If it were to be programmed at 
OO000H when the LCS line was programmed, there 
would be an internal conflict between the LCS ready 
generation logic and the MCS ready generation log- 
ic. Likewise, if the base address were programmed 
at 80000H, there would be a conflict with the UCS 
ready generation logic. Since the LCS chip-select 
line does not become active until programmed, while 
the UCS line is active at reset, the memory base can 
be set only at OOOOOH. If this base address is select- 
ed, however, the LCS range must not be pro- 
grammed. 


Peripheral Chip Selects 


The 80C188 can generate chip selects for up to sev- 
en peripheral devices. These chip selects are active 
for seven contiguous blocks of 128 bytes above a 
programmable base address. This base address 
may be located in either memory or I/O space. 


Seven CS lines called PCSO-6 are generated by the 
80C188. The base address is user-programmable; 


however it can only be a multiple of 1K bytes, i.e., 
the least significant 10 bits of the starting address 
are always 0. 


PCS5 and PCS6 can also be programmed to provide 
latched address bits A1, A2. If so programmed, they 
cannot be used as peripheral selects. These outputs 
can be connected directly to the AO, A1 pins used 
for selecting internal registers of 8-bit peripheral 
chips. This scheme simplifies the hardware interface 
because the 8-bit registers of peripherals are simply 
treated as 16-bit registers located on even bounda- 
ries in |1/O space or memory space where only the 
lower 8-bits of the register are significant: the upper 
8-bits are ‘‘don’t cares.” 


The starting address of the peripheral chip-select 
block is defined by the PACS register (see Figure 
15). This register is located at offset A4H in the inter- 
nal control block. Bits 15-6 of this register corre- 
spond to bits 19-10 of the 20-bit Programmable 
Base Address (PBA) of the peripheral chip-select 
block. Bits 9-0 of the PBA of the peripheral chip-se- 
lect block are all zeros. If the chip-select block is 
located in 1/O space, bits 12-15 must be pro- 
grammed zero, since the I/O address is only 16 bits 
wide. Table 10 shows the address range of each 
peripheral chip select with respect to the PBA con- 
tained in PACS register. 
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Figure 15. PACS Register 
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The user should program bits 15-6 to correspond to 
the desired peripheral base location. PACS bits 0-2 
are used to specify READY mode for PCSO-—PCS3. 


Table 10. PCS Address Ranges 


PCS Line Active between Locations 


PBA —PBA+ 127 
PBA + 128—PBA + 255 
PBA + 256—PBA + 383 


PBA + 384—PBA + 511 
PBA + 512—PBA + 639 
PBA + 640—PBA + 767 
PBA + 768—PBA + 895 


The mode of operation of the peripheral chip selects 
is defined by the MPCS register (which is also used 
to set the size of the mid-range memory chip-select 
block, see Figure 13). This register is located at off- 
set A8H in the internal control block. Bit 7 is used to 
select the function of PCS5 and PCS6, while bit 6 is 
used to select whether the peripheral chip selects 
are mapped into memory or I/O space. Table 11 
describes the programming of these bits. After reset, 
the contents of both the MPCS and the PACS regis- 
ters are undefined, however none of the PCS lines 
will be active until both of the MPCS and PACS reg- 
isters are accessed. 


Table 11. MS, EX Programming Values 


Bit | Ss Deseriation | 


MS | 1 = Peripherals mapped into memory space. 
0 = Peripherals mapped into I/O space. 
EX | 0 = 5PCS lines. A1, A2 provided. 

1 = 7PCS lines. A1, A2 are not provided. 


MPCS bits 0-2 are used to specify READY mode for 
PCS4-PCS6 as outlined below. 


READY Generation Logic 


The 80C188 can generate a “READY” signal inter- 
nally for each of the memory or peripheral CS lines. 
The number of WAIT states to be inserted for each 
peripheral or memory is programmable to provide 
0-3 wait states for all accesses to the area for 
which the chip select is active. In addition, the 
80C188 may be programmed to either ignore exter- 
nal READY for each chip-select range individually or 
to factor external READY with the integrated ready 
generator. 


READY control consists of 3 bits for each CS line or 
group of lines generated by the 80C188. The inter- 
pretation of the ready bits is shown in Table 12. 
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Table 12. READY Bits Programming 


0 wait states, external RDY 

also used. 

1 wait state inserted, external RDY 
also used. 

2 wait states inserted, external RDY 
also used. 

3 wait states inserted, external RDY 


also used. 

0 wait states, external RDY 

ignored. 

1 wait state inserted, external RDY 
ignored. 

2 wait states inserted, external RDY 
ignored. 

3 wait states inserted, external RDY 
ignored. 


The internal ready generator operates in parallel 
with external READY, not in series if the external 
READY is used (R2 = 0). This means, for example, 
if the internal generator is set to insert two wait 
states, but activity on the external READY lines will 
insert four wait states, the processor will only insert 
four wait states, not six. This is because the two wait 
states generated by the internal generator over- 
lapped the first two wait states generated by the ex- 
ternal ready signal. Note that the external ARDY and 
SRDY lines are always ignored during cycles ac- 
cessing internal peripherals. 


R2-RO of each control word specifies the READY 
mode for the corresponding block, with the excep- 
tion of the peripheral chip selects: R2-RO of PACS 
set the PCSO-3 READY mode, R2-RO0 of MPCS set 
the PCS4-6 READY mode. 


Chip Select/Ready Logic and Reset 


Upon reset, the Chip-Select/ Ready Logic will per- 
form the following actions: 


e All chip-select outputs will be driven HIGH. 


e Upon leaving RESET, the UCS line will be pro- 
grammed to provide chip selects to a 1K block 
with the accompanying READY control bits set at 
011 to allow the maximum number of internal wait 
states in conjunction with external Ready consid- 
eration (i.e., UMCS resets to FFFBH). 


e No other chip select or READY control registers 
have any predefined values after RESET. They 
will not become active until the CPU accesses 
their control registers. Both the PACS and MPCS 
registers must be accessed before the PCS lines 
will become active. 
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DMA CHANNELS 


The 80C188 DMA controller provides two indepen- 
dent DMA channels. Data transfers can occur be- 
tween memory and I/O spaces (e.g., Memory to I/O) 
or within the same space (e.g., Memory to Memory 
or I/O to I/O). Each DMA channel maintains both a 
20-bit source and destination pointer which can be 
optionally incremented or decremented after each 
data transfer. Each data transfer consumes 2 bus 
cycles (a minimum of 8 clocks), one cycle to fetch 
data and the other to store data. 


DMA Operation 


Each channel has six registers in the control block 
which define each channel’s specific operation. The 
control registers consist of a 20-bit Source pointer (2 
words), a 20-bit destination pointer (2 words), a 
16-bit Transfer Counter, and a 16-bit Control Word. 
The format of the DMA Control Blocks is shown in 
Table 13. The Transfer Count Register (TC) speci- 


fies the number of DMA transfers to be performed. 
Up to 64K byte or word transfers can be performed 
with automatic termination. The Control Word de- 
fines the channel’s operation (see Figure 17). All 
registers may be modified or altered during any DMA 
activity. Any changes made to these registers will be 
reflected immediately in DMA operation. 


Table 13. DMA Control Block Format 


Register Address 


Register Name 


Control Word 

Transfer Count 

Destination Pointer (upper 4 
bits) 

Destination Pointer 

Source Pointer (upper 4 bits) 

Source Pointer 


20 BIT ADDER/SUBTRACTOR ADDER CONTROL 
LOGIC TIMER REQUEST 


_¥ 


DEST. ADRS. POINTER CH. 0 
SRC. ADRS. POINTER CH. 0 


DRQ1 pee 


REQUEST 
SELECTION 


Locic |_PRQ0 @ 


INTERRUPT 
REQUEST 


CHANNEL CONTROL WORD 0 


INTERNAL ADDRESS/DATA BUS 


‘ CHANNEL CONTROL WORD 1 


270432-15 


Figure 16. DMA Unit Block Diagram 
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Figure 17. DMA Control Register 


DMA Channel Control Word Register 


Each DMA Channel Control Word determines the 
mode of operation for the particular 800188 DMA 
channel. This register specifies: 


e the mode of synchronization; 


e whether interrupts will be generated after the last 
transfer; 


e whether DMA activity will cease after a pro- 
grammed number of DMA cycles; 


e the relative priority of the DMA channel with re- 
spect to the other DMA channel; 


e whether the source pointer will be incremented, 
decremented, or maintained constant after each 
transfer; 


e whether the source pointer addresses memory or 
I/O space; 


e whether the destination pointer will be increment- 
ed, decremented, or maintained constant after 
each transfer; and 


e whether the destination pointer will address 
memory or I/O space. 


The DMA channel control registers may be changed 
while the channel is operating. However, any chang- 
e@s made during operation will affect the current DMA 
transfer. 


DMA Control Word Bit Descriptions 


ST/STOP: Start/stop (1/0) Channel. 


CHG/NOCHG: Change/Do not change (1/0) 
ST/STOP bit. If this bit is set when 
writing to the control word, the 
ST/STOP bit will be programmed 
by the write to the control word. If 
this bit is cleared when writing the 
control word, the ST/STOP bit will 
not be altered. This bit is not 
stored; it will always be a 0 on 
read. 


INT: Enable Interrupts to CPU on 
Transfer Count termination. 


TC: If set, DMA will terminate when 
the contents of the Transfer Count 


register reach zero. The ST/STOP 
bit will also be reset at this point if 


TC is set. If this bit is cleared, the 


DMA unit will decrement the trans- 
fer count register for each DMA 
cycle, but the DMA transfer will 
not stop when the contents of the 
TC register reach zero. 


SYN 00 No synchronization. 
NOTE: 
When unsynchronized transfers 
are specified, the TC bit will be ig- 
nored and the ST bit will be 
cleared upon the transfer count 
reaching zero, stopping the chan- 
nel. 
(2 bits) 01 Source synchronization. 
10 Destination synchronization. 
11 Unused. 
SOURCE:INC _ Increment source pointer by 1 af- 
ter each transfer. 
M/IO Source pointer is in M/IO space 
(1/0). 
DEC Decrement source pointer by 1 af- 
ter each transfer. 
DEST: INC Increment destination pointer by 1 
after each transfer. 
M/IO Destination pointer is in M/IO 
space (1/0). 
DEC Decrement destination pointer by 
1 after each transfer. 
P Channel priority—relative to other 
channel. 
0 low priority. 
1 high priority. 
Channels will alternate cycles if 
both set at same priority level. 
TDRQ 0: Disable DMA requests from tim- 
er 2. 
1: Enable DMA requests from tim- 
er 2. 
Bit 3 Bit 3 is not used. 
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If both INC and DEC are specified for the same 
pointer, the pointer will remain constant after each 
cycle. 


DMA Destination and Source Pointer 
Registers 


Each DMA channel maintains a 20-bit source and a 
20-bit destination pointer. Each of these pointers 
takes up two full 16-bit registers in the peripheral 
control block. The lower four bits of the upper regis- 
ter contain the upper four bits of the 20-bit physical 
address (see Figure 18). These pointers may be indi- 
vidually incremented or decremented after each 
transfer. Each pointer may point into either memory 
or |/O space. Since the DMA channels can perform 
transfers to or from odd addresses, there is no re- 
striction on values for the pointer registers. Higher 
transfer rates can be obtained if all word transfers 
are performed to even addresses, since this will al- 
low data to be accessed in a single memory access. 


DMA Transfer Count Register 


Each DMA channel maintains a 16-bit transfer count 
register (TC). This register is decremented after ev- 
ery DMA cycle, regardless of the state of the TC bit 
in the DMA Control Register. If the TC bit in the DMA 
control word is set or if unsynchronized transfers are 
programmed, however, DMA activity will terminate 
when the transfer count register reaches zero. 


HIGHER 
REGISTER 
ADDRESS 


LOWER 
REGISTER 
ADDRESS 


XXX = DON’T CARE 


DMA Requests 


Data transfers may be either source or destination 
synchronized, that is either the source of the data or 
the destination of the data may request the data 
transfer. In addition, DMA transfers may be unsyn- 
chronized; that is, the transfer will take place contin- 
ually until the correct number of transfers has oc- 
curred. When source or unsynchronized transfers 
are performed, the DMA channel may begin another 
transfer immediately after the end of a previous 
DMA transfer. This allows a complete transfer to 
take place every 2 bus cycles or eight clock cycles 
(assuming no wait states). No prefetching occurs 
when destination synchronization is performed, how- 
ever. Data will not be fetched from the source ad- 
dress until the destination device signals that it is 
ready to receive it. When destination synchronized 
transfers are requested, the DMA controller will re- 
linquish control of the bus after every transfer. If no 
other bus activity is initiated, another DMA cycle will 
begin after two processor clocks. This is done to 
allow the destination device time to remove its re- 
quest if another transfer is not desired. Since the 
DMA controller will relinquish the bus, the CPU can 
initiate a bus cycle. As a result, a complete bus cycle 
will often be inserted between destination synchro- 
nized transfers. These lead to the maximum DMA 
transfer rates shown in Table 14. 


Table 14. Maximum DMA | 
Transfer Rates at 16 MHz 


Type of 
Synchronization 
Selected 


CPU Halted 


CPU Running 


Unsynchronized | 2.0 MBytes/sec | 2.0 MBytes/sec 
Source Synch 2.0 MBytes/sec | 2.0 MBytes/sec 
Destination Synch | 1.3 MBytes/sec | 1.6 MBytes/sec 


> A15-A12 A11-A8 A7-A4 A3-A0 
15 0 


Figure 18. DMA Memory Pointer Register Format 
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DMA Acknowledge 


No explicit DMA acknowledge pulse is provided. 
Since both source and destination pointers are 
maintained, a read from a requesting source, or a 
write to a requesting destination, should be used as 
the DMA acknowledge signal. Since the chip-select 
lines can be programmed to be active for a given 
block of memory or I/O space, and the DMA point- 
ers can be programmed to point to the same given 
block, a chip-select line could be used to indicate a 
DMA acknowledge. 


DMA Priority 


The DMA channels may be programmed such that 
one channel is always given priority over the other, 
or they may be programmed such as to alternate 
cycles when both have DMA requests pending. DMA 
cycles always have priority over internal CPU cycles 
except between locked memory accesses; however, 
an external bus hold takes priority over an internal 
DMA cycle. Because an interrupt request cannot 
suspend a DMA operation and the CPU cannot ac- 
cess memory during a DMA cycle, interrupt latency 
time will suffer during sequences of continuous DMA 
cycles. An NMI request, however, will cause all inter- 
nal DMA activity to halt. This allows the CPU to 
quickly respond to the NMI request. 


DMA Programming 


DMA cycles will occur whenever the ST/STOP bit of 
the Control Register is set. If synchronized transfers 


MAX COUNT VALUE 


are programmed, a DRQ must also have been gen- 
erated. Therefore the source and destination trans- 
fer pointers, and the transfer count register (if used) 
must be programmed before this bit is set. 


Each DMA register may be modified while the chan- 
nel is operating. If the CHG/NOCHG bit is cleared 
when the control register is written, the ST/STOP bit 
of the control register will not be modified by the 
write. If multiple channel registers are modified, it is 
recommended that a LOCKED string transfer be 
used to prevent a DMA transfer from occurring be- 
tween updates to the channel registers. 


DMA Channels and Reset 


Upon RESET, the DMA channels will perform the 
following actions: 


e The Start/Stop bit for each channel will be reset 
to STOP. 


e Any transfer in progress is aborted. 


TIMERS 


The 80C188 provides three internal 16-bit program- 
mable timers (see Figure 19). Two of these are high- 
ly flexible and are connected to four external pins (2 
per timer). They can be used to count external 
events, time external events, generate nonrepetitive 
waveforms, etc. The third timer is not connected to 
any external pins, and is useful for real-time coding 
and time delay applications. In addition, this third 
timer can be used as a prescaler to the other two, or 
as a DMA request source. 


MODE/CONTROL 
WORD 


MODE/CONTROL 
WORD 


INTERNAL ADDRESS/DATA BUS 


ALL 16 BIT REGISTERS 
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Figure 19. Timer Block Diagram 


22-192 


“ ow ee ee Te, aa We o>. een res 
. el ie ¥ » Aor, “i > =. x 
a ee é oe . ¥ Poras. : 


s 
br we 

, 
‘ 


’ : ot 3 - Ce eee ee a a eee ee he be is ee ae, Eg en AT si Ce en : wi Se us hans 
s 5 “— iy ag vr 5 er ss Se ae cd Sahn Eiee ees ae ee ah ar alge =) ah a es ee ene ees ,t at sy * , 
. SSL ae Re ayes Sea ees Ae ps < . t Zs i Ae : ~ Fer rapes =e 
ieee es Agfa. ees Se eS Pe 
eS eae a nae 
‘ . y e a ters - a , ; : gi ‘# vy 
intel ADVANCE INFORMATION — 


Timer Operation 


The timers are controlled by 11 16-bit registers in 
the internal peripheral control block. The configura- 
tion of these registers is shown in Table 15. The 
count register contains the current value of the tim- 
er. It can be read or written at any time independent 
of whether the timer is running or not. The value of 
this register will be incremented for each timer 
event. Each of the timers is equipped with a MAX 
COUNT register, which defines the maximum count 
the timer will reach. After reaching the MAX COUNT 
register value, the timer count value will reset to zero 
during that same clock, i.e., the maximum count val- 
ue is never stored in the count register itself. Timers 
0 and 1 are, in addition, equipped with a second 
MAX COUNT register, which enables the timers to 
alternate their count between two different MAX 
COUNT values programmed by the user. If a single 
MAX COUNT register is used, the timer output pin 
will switch LOW for a single clock, 1 clock after the 
maximum count value has been reached. In the dual 
MAX COUNT register mode, the output pin will indi- 
cate which MAX COUNT register is currently in use, 
thus allowing nearly complete freedom in selecting 
waveform duty cycles. For the timers with two MAX 
COUNT registers, the RIU bit in the control register 
determines which is used for the comparison. 


Each timer gets serviced every fourth CPU-clock cy- 
cle, and thus can operate at speeds up to one-quar- 
ter the internal clock frequency (one-eighth the crys- 
tal rate). External clocking of the timers may be done 
at up to a rate of one-quarter of the internal CPU- 
clock rate. Due to internal synchronization and pipe- 
lining of the timer circuitry, a timer output may take 
up to 6 clocks to respond to any individual clock or 
gate input. 


15 


Since the count registers and the maximum count 
registers are all 16 bits wide, 16 bits of resolution are 
provided. Any Read or Write access to the timers will 
add one wait state to the minimum four-clock bus 
cycle, however. This is needed to synchronize and 
coordinate the internal data flows between the inter- 
nal timers and the internal bus. 


The timers have several programmable options. 


e All three timers can be set to halt or continue on 
a terminal count. } 

e Timers 0 and 1 can select between internal and 
external clocks, alternate between MAX COUNT 
registers and be set to retrigger on external 
events. 

e The timers may be programmed to cause an in- 
terrupt on terminal count. 


These options are selectable via the timer mode/ 
control word. 


Timer Mode/Control Register 


The mode/control register (see Figure 20) allows 
the user to program the specific mode of operation 
or check the current programmed status for any of 
the three integrated timers. 


Table 15. Timer Control Block Format 


mr. 2 
Mode/Control Word 66H 
‘Max Count B not present 
Max Count A 62H 
Count Register 60H 


Register Name 


14 13 12 11 5 4 3 2 1 0 
EN. NH PINT RU Pope | me ATG | PY ext | ALT | CONT 


Figure 20. Timer Mode/Control Register 
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ALT: 


The ALT bit determines which of two MAX COUNT 
registers is used for count comparison. If ALT = 0, 
register A for that timer is always used, while if ALT 
= 1, the comparison will alternate between register 
A and register B when each maximum count is 
reached. This alternation allows the user to change 
one MAX COUNT register while the other is being 
used, and thus provides a method of generating 
non-repetitive waveforms. Square waves and pulse 
outputs of any duty cycle are a subset of available 
signals obtained by not changing the final count reg- 
isters. The ALT bit also determines the function of 
the timer output pin. If ALT is zero, the output pin will 
go LOW for one clock, the clock after the maximum 
count is reached. If ALT is one, the output pin will 
reflect the current MAX COUNT register being used 
(0/1 for B/A). 


CONT: 


Setting the CONT bit causes the associated timer to 
run continuously, while resetting it causes the timer 
to halt upon maximum count. If COUNT = 0 and 
ALT = 1, the timer will count to the MAX COUNT 
register A value, reset, count to the register B value, 
reset, and halt. 


EXT: 


The external bit selects between internal and exter- 
nal clocking for the timer. The external signal may 
be asynchronous with respect to the 80C188 clock. 
If this bit is set, the timer will count LOW-to-HIGH 
transitions on the input pin. If cleared, it will count an 
internal clock while using the input pin for control. In 
this mode, the function of the external pin is defined 
by the RTG bit. The maximum input to output tran- 
sition latency time may be as much as 6 clocks. 
However, clock inputs may be pipelined as closely 
together as every 4 clocks without losing clock puls- 
es. 


P: 


The prescaler bit is ignored unless internal clocking 
has been selected (EXT = 0). If the P bit is a zero, 
the timer will count at one-fourth the internal CPU 
Clock rate. If the P bit is a one, the output of timer 2 
will be used as a clock for the timer. Note that the 
user must initialize and start timer 2 to obtain the 
prescaled clock. 


RTG: 
Retrigger bit is only active for internal clocking (EXT 


= 0). In this case it determines the control function 
provided by the input pin. 


lf RTG = 0, the input level gates the internal clock 
on and off. If the input pin is HIGH, the timer will 
count; if the input pin is LOW, the timer will hold its 
value. As indicated previously, the input signal may 
be asynchronous with respect to the 80C188 clock. 


When RTG = 1, the input pin detects LOW-to-HIGH 
transitions. The first such transition starts the timer 
running, clearing the timer value to zero on the first 
clock, and then incrementing thereafter. Further 
transitions on the input pin will again reset the timer 
to zero, from which it will start counting up again. If 
CONT = 0, when the timer has reached maximum 
count, the EN bit will be cleared, inhibiting further 
timer activity. 


EN: 


The enable bit provides programmer control over 
the timer’s RUN/HALT status. When set, the timer is 
enabled to increment subject to the input pin con- 
straints in the internal clock mode (discussed previ- 
ously). When cleared, the timer will be inhibited from 
counting. All input pin transistions during the time EN 
is zero will be ignored. If CONT is zero, the EN bit is 
automatically cleared upon maximum count. 


INH: 


The inhibit bit allows for selective updating of the 
enable (EN) bit. If INH is a one during the write to the 
mode/control word, then the state of the EN bit will 
be modified by the write. If INH is a zero during the 
write, the EN bit will be unaffected by the operation. 
This bit is not stored; it will always be a 0 on a read. 


INT: 


When set, the INT bit enables interrupts from the 
timer, which will be generated on every terminal 
count. If the timer is configured in dual MAX COUNT 
register mode, an interrupt will be generated each 
time the value in MAX COUNT register A is reached, 
and each time the value in MAX COUNT register B is 
reached. If this enable bit is cleared after the inter- 
rupt request has been generated, but before a pend- 
ing interrupt is serviced, the interrupt request will still 
be in force. (The request is latched in the Interrupt 
Controller). 


MC: 


The Maximum Count bit is set whenever the timer 
reaches its final maximum count value. If the timer is 
configured in dual MAX COUNT register mode, this 
bit will be set each time the value in MAX COUNT 
register A is reached, and each time the value in 
MAX COUNT register B is reached. This bit is set 
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regardless of the timer’s interrupt-enable bit. The 
MC bit gives the user the ability to monitor timer 
status through software instead of through inter- 
rupts. 


Programmer intervention is required to clear this bit. 


RIU: 


The Register In Use bit indicates which MAX 
COUNT register is currently being used for compari- 
son to the timer count value. A zero value indicates 
register A. The RIU bit cannot be written, ‘i.e., its 
value is not affected when the control register is writ- 
ten. It is always cleared when the ALT bit is zero. 


Not all mode bits are provided for timer 2. Certain 
bits are hardwired as indicated below: 


ALT = 0, EXT = 0, P = 0, RTG = 0, RIU = 0 


Count Registers 


Each of the three timers has a 16-bit count register. 
The current contents of this register may be read or 
written by the processor at any time. If the register is 
written into while the timer is counting,the new value 
will take effect in the current count cycle. 


Max Count Registers 


Timers 0 and 1 have two MAX COUNT registers, 
while timer 2 has a single MAX COUNT register. 
These contain the number of events the timer will 
count. In timers 0 and 1, the MAX COUNT register 
used can alternate between the two max count val- 
ues whenever the current maximum count is 
reached. The condition which causes a timer to re- 
set is equivalent between the current count value 
and the max count being used. This means that if 
the count is changed to be above the max count 
value, or if the max count value is changed to be 
below the current value, the timer will not reset to 
zero, but rather will count to its maximum value, 
“wrap around” to zero, then count until the max 
count is reached. 


Timers and Reset ( 


Upon RESET, the Timers will perform the following 

actions: 

e All EN (Enable) bits are reset preventing timer 
counting. 


e All SEL (Select) bits are reset to zero. This se- 
lects MAX COUNT register A, resulting in the 
Timer Out pins going HIGH upon RESET. 


80C188 
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INTERRUPT CONTROLLER 


The 80C188 can receive interrupts from a number of 
sources, both internal and external. The internal in- 
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 


Internal interrupt sources (Timers and DMA chan-: 
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 
80C188 interrupt controller has its own control regis- 
ter that set the mode of operation for the controller. 


The interrupt controller will resolve priority among 
requests that are pending simultaneously. Nesting is 
provided so interrupt service routines for lower priori- 
ty interrupts may themselves be interrupted by high- 
er priority interrupts. A block diagram of the interrupt 
controller is shown in Figure 21. 


The 800188 has a special slave mode in which the 
internal interrupt controller acts as a slave to an ex- 
ternal master. The controller is programmed into this 
mode by setting bit 14 in the peripheral control block 
relocation register. (See Slave Mode section.) 


MASTER MODE OPERATION 


Interrupt Controller External Interface 


For external interrupt sources, five dedicated pins 
are provided. One of these pins is dedicated to NMI, 
non-maskable interrupt. This is typically used for 
power-fail interrupts, etc. The other four pins may 
function either as four interrupt input lines with inter- 
nally generated interrupt vectors, as an interrupt line 
and an interrupt acknowledge line (called the ‘“‘cas- 
cade mode’”’) along with two other input lines with 
internally generated interrupt vectors, or as two in- 
terrupt input lines and two dedicated interrupt ac- 
knowledge output lines. When the interrupt lines are 
configured in cascade mode, the 80C188 interrupt 
controller will not generate internal interrupt vectors. 


External sources in the cascade mode use external- 
ly generated interrupt vectors. When an interrupt is 
acknowledged, two INTA cycles are initiated and the 
vector is read into the 80C188 on the second cycle. 
The capability to interface to external 82C59A pro- 
grammable interrupt controllers is thus provided 
when the inputs are configured in cascade mode. 
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Interrupt Controller Modes of 
Operation 


The basic modes of operation of the interrupt con- 
troller in master mode are similar to the 82C59A. 
The interrupt controller responds indentically to in- 
ternal interrupts in all three modes: the difference is 
only in the interpretation of function of the four exter- 
nal interrupt pins. The interrupt controller is set into 
one of these three modes by programming the cor- 
rect bits in the INTO and INT1 control. registers. The 
modes of interrupt controller operation are as fol- 
lows: 


Fully Nested Mode 


When in the fully nested mode four pins are used as 
direct interrupt requests as in Figure 22. The vectors 
for these four inputs are generated internally. An in- 
service bit is provided for every interrupt source. If a 
lower-priority device requests an interrupt while the 
in service bit (IS) is set, no interrupt will be generat- 
ed by the interrupt controller. In addition, if another 
interrupt request occurs from the same interrupt 
source while the in-service bit is set, no interrupt will 
be generated by the interrupt controller. This allows 
interrupt service routines to operate with interrupts 
enabled without being themselves interrupted by 
lower-priority interrupts. Since interrupts are en- 
abled, higher-priority interrupts will be serviced. 


When a service routine is completed, the proper |S 
bit must be reset by writing the proper pattern to the 
EOI register. This is required to allow subsequent 
interrupts from this interrupt source and to allow 
servicing of lower-priority interrupts. An EOI com- 


TIMER TIMER TIMER DMA DMA 
0 1 2 0 


CONTROL REG. 
DMA 0 
CONTROL REG. 
CONTROL REG. 


EXT. INPUT 0 eee’ 
CONTROL REG. 

EXT. INPUT 1 
CONTROL REG. 

EXT. INPUT 2 
CONTROL REG. 

EXT. INPUT 3 
CONTROL REG. 


INTERRUPT 


INTERRUPT 
PRIORITY 
RESOLVER 


mand is issued at the end of the service routine just 
before the issuance of the return from interrupt in- 
struction. If the fully nested structure has been up- 
held, the next highest-priority source with its IS bit 
set is then serviced. 


Cascade Mode 


The 800188 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the 
four pins are used as direct interrupt inputs and the 
corresponding vectors are generated internally. In 
the cascade mode, the four pins are configured into 
interrupt input-dedicated acknowledge signal pairs. 
The interconnection is shown in Figure 23. INTO is 
an interrupt input interfaced to an 82C59A, while 
INT2/INTAO serves as the dedicated interrupt ac- 
knowledge signal to that peripheral. The same is 
true for INT1 and INT3/INTA1. Each pair can selec- 
tively be placed in the cascade or non-cascade 
mode by programming the proper value into INTO 
and INT1 control registers. The use of the dedicated 
acknowledge signals eliminates the need for the use 
of external logic to generate INTA and device select 
signals. 


The primary cascade mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 82C59As. 
Three levels of priority are created, requiring priority 
resolution in the 80C188 interrupt controller, the 
master 82C59As, and the slave 82C59As. If an ex- 
ternal interrupt is serviced, one IS bit is set at each 
of these levels. When the interrupt service routine is 
completed, up to three end-of-interrupt commands 
must be issued by the programmer. 


1 INTO INT? INT2 INT3 NMI 
9k WY OY © 


INTERRUPT 
REQUEST REG. 
INTERRUPT 
MASK REG. 
PRIOR. LEV. 
MASK REG. 
INTERRUPT 
STATUS REG. 
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Figure 21. Interrupt Controller Block Diagram 
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INTO INTERRUPT SOURCE 
INT1 INTERRUPT SOURCE 


80C188 
INT2 INTERRUPT SOURCE 
INT3 INTERRUPT SOURCE 
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Figure 22. Fully Nested (Direct) Mode 
Interrupt Controller Connections 


Special Fully Nested Mode 


This mode is entered by setting the SFNM bit in 
INTO or INT1 control register. It enables complete 
nestability with external 82C59A masters. Normally, 
an interrupt request from an interrupt source will not 
be recognized unless the in-service bit for that 
source is reset. If more than one interrupt source is 
connected to an external interrupt controller, all of 
the interrupts will be funneled through the same 
80C188 interrupt request pin. As a result, if the ex- 
ternal interrupt controller receives a higher-priority 
interrupt, its interrupt will not be recognized by the 
80C188 controller until the 80C188 in-service bit is 
reset. In special fully nested mode, the 80C188 in- 
terrupt controller will allow interrupts from an exter- 
nal pin regardless of the state of the in-service bit for 
an interrupt source in order to allow multiple inter- 
rupts from a single pin. An in-service bit will continue 
to be set, however, to inhibit interrupts from other 
lower-priority 80C188 interrupt sources. 


Special procedures should be followed when reset- 
ting IS bits at the end of interrupt service routines. 
Software polling of the external master’s IS register 
is required to determine if there is more than one bit 
set. If so, the IS bit in the 80C188 remains active and 
the next interrupt service routine is entered. 


Operation in a Polled Environment 


The controller may be used in a polled mode if inter- 
rupts are undesirable. When polling, the processor 
disables interrupts and then polls the interrupt con- 
troller whenever it is convenient. Polling the interrupt 
controller is accomplished by reading the Poll Word 
(Figure 32). Bit 15 in the poll word indicates to the 
processor that an interrupt of high enough priority is 
requesting service. Bits 0-4 indicate to the proces- 
sor the type vector of the highest-priority source re- 
questing service. Reading the Poll Word causes the 
In-Service bit of the highest priority source to be set. 


It is desirable to be able to read the Poll Word infor- 
mation without guaranteeing service of any pending 


interrupt, i.e., not set the indicated in-service bit. The 
80C188 provides a Poll Status Word in addition to 
the conventional Poll Word to allow this to be done. 
Poll Word information is duplicated in the Poll Status 
Word, but reading the Poll Status Word does not set 
the associated in-service bit. These words are locat- 
ed in two adjacent memory locations in the register 
file. 


Master Mode Features 


Programmable Priority 


The user can program the interrupt sources into any 
of eight different priority levels. The programming is 
done by placing a 3-bit priority level (0-7) in the con- 
trol register of each interrupt source. (A source with 
a priority level of 4 has higher priority over all priority 
levels from 5 to 7. Priority registers containing values 
lower than 4 have greater priority). All interrupt 
sources have preprogrammed default priority levels 
(see Table 4). 


lf two requests with the same programmed priority 
level are pending at once, the priority ordering 
scheme shown in Table 4 is used. If the serviced 
interrupt routine reenables interrupts, it allows other 
requests to be serviced. 


End-of-Interrupt Command 


The end-of-interrupt (EOI) command is used by the 
programmer to reset the In-Service (IS) bit when an 
interrupt service routine is completed. The EOI com- 
mand is issued by writing the proper pattern to the 
EOI register. There are two types of EOI commands, 
specific and nonspecific. The nonspecific command 
does not specify which IS bit is reset. When issued, 
the interrupt controller automatically resets the IS bit 
of the highest priority source with an active service 
routine. A specific EO] command requires that the 
programmer send the interrupt vector type to the in- 
terrupt controller indicating which source’s IS bit is 
to be reset. This command is used when the fully 
nested structure has been disturbed or the highest 
priority IS bit that was set does not belong to the 
service routine in progress. 


Trigger Mode 


The four external interrupt pins can be programmed 
in either edge- or level-trigger mode. The control 
register for each external source has a level-trigger 
mode (LTM) bit. All interrupt inputs are active HIGH. 
In the edge sense mode or the level-trigger mode, 
the interrupt request must remain active (HIGH) until 
the interrupt request is acknowledged by the 
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80C188 CPU. In the edge-sense mode, if the level 
remains high after the interrupt is acknowledged, the 
input is disabled and no further requests will be gen- 
erated. The input level must go LOW for at least one 
clock cycle to reenable the input. In the level-trigger 
mode, no such provision is made: holding the inter- 
rupt input HIGH will cause continuous interrupt re- 
quests. 


Interrupt Vectoring 


The 800186 Interrupt Controller will generate inter- 
rupt vectors for the integrated DMA channels and 
the integrated Timers. In addition, the Interrupt Con- 
troller will generate interrupt vectors for the external 
interrupt lines if they are not configured in Cascade 
or Special Fully Nested Mode. The interrupt vectors 
generated are fixed and cannot be changed (see Ta- 
ble 4). : 


interrupt Controller Registers 


The Interrupt Controller register model is shown in 
Figure 24. It contains 15 registers. All registers can 
both be read or written unless specified otherwise. 


In-Service Register 


This register can be read from or written into. The 
format is shown in Figure 25. It contains the In-Serv- 
ice bit for each of the interrupt sources. The In-Serv- 
ice bit is set to indicate that a source’s service rou- 
tine is in progress. When an In-Service bit is set, the 
interrupt controller will not generate interrupts to the 
CPU when it receives interrupt requests from devic- 
es with a lower programmed priority level. The TMR 
bit is the In-Service bit for all three timers; the DO 
and D1 bits are the In-Service bits for the two DMA 
channels; the 10-13 are the In-Service bits for the 
external interrupt pins. The IS bit is set when the 


80C188 


INT1 


processor acknowledges an interrupt request either 
by an interrupt acknowledge or by reading the poll 
register. The IS bit is reset at the end of the interrupt 
service routine by an end-of-interrupt command is- 
sued by the CPU. 


interrupt Request Register 


The internal interrupt sources have interrupt request 
bits inside the interrupt controller. The format of this 
register is shown in Figure 25. A read from this regis- 
ter yields the status of these bits. The TMR bit is the 
logical OR of all timer interrupt requests. DO and D1 
are the interrupt request bits for the DMA channels. 


The state of the external interrupt input pins is also 
indicated. The state of the external interrupt pins is 
not a stored condition inside the interrupt controller, 
therefore the external interrupt bits cannot be writ- 


_ ten. The external interrupt request bits show exactly 


when an interrupt request is given to the interrupt 
controller, so if edge-triggered mode is selected, the 
bit in the register will be HIGH only after an inactive- 
to-active transition. For internal interrupt sources, 
the register bits are set when a request arrives and 
are reset when the processor acknowledges the re- 
quests. 


Writes to the interrupt request register will affect the 
DO and D1 interrupt request bits. Setting either bit 
will cause the corresponding interrupt request while 
clearing either bit will remove the corresponding in- 
terrupt request. All other bits in the register are read- 
only. 


Mask Register 


This is a 16-bit register that contains a mask bit for 
each interrupt source. The format for this register is 
shown in Figure 25. A one in a bit position corre- 
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Figure 23. Cascade and Special Fully Nested Mode Interrupt Controller Connections 
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sponding to a particular source serves to mask the 
source from generating interrupts. These mask bits 
are the exact same bits which are used in the indi- 
vidual control registers; programming a mask bit us- 
ing the mask register will also change this bit in the 
individual control registers, and vice versa. 


OFFSET 


EOI REGISTER 


Figure 24. Interrupt Controller Registers 
(Master Mode) 
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Priority Mask Register 


This register is used to mask all interrupts below par- 
ticular interrupt priority levels. The format of this reg- 
ister is shown in Figure 26. The code in the lower 
three bits of this register inhibits interrupts of priority 
lower (a higher priority number) than the code speci- 
fied. For example, 100 written into this register 
masks interrupts of level five (101), six (110), and 
seven (111). The register is reset to seven (111) 
upon RESET so no interrupts are masked due to 
priority number. 


Interrupt Status Register 


This register contains general interrupt controller 
status information. The format of this register is 
shown in Figure 27. The bits in the status register 
have the following functions: 


DHLT: DMA Halt Transfer; setting this bit halts all 
DMA transfers. It is automatically set when- 
ever a non-maskable interrupt occurs, and it 
is reset when an IRET instruction is execut- 
ed. The purpose of this bit is to allow prompt 
service of all non-maskable interrupts. This 
bit may also be set by the programmer. 


These three bits represent the individual tim- 
er interrupt request bits. These bits are used 
to differentiate the timer interrupts, since the 
timer IR bit in the interrupt request register is 
the “OR” function of all timer interrupt re- 
quest. Note that setting any one of these 
three bits initiates an interrupt request to the 
interrupt controller. 


IRTx: 
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Figure 25. In-Service, Interrupt Request, and Mask Register Formats 
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Figure 26. Priority Mask Register Format 
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Figure 27. Interrupt Status Register Format (Master Mode) 
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Timer, DMA 0, 1; Control Register 


These registers are the control words for ail the in- 
ternal interrupt sources. The format for these regis- 
ters is shown in Figure 28. The three bit positions 
PRO, PR1, and PR2 represent the programmable pri- 
ority level of the interrupt source. The MSK bit inhib- 
its interrupt requests from the interrupt source. The 
MSK bits in the individual control registers are the 
exact same bits as are in the Mask Register; modify- 
ing them in the individual control registers will also 
modify them in the Mask Register, and vice versa. 


INTO-INT3 Control Registers 


These registers are the control words for the four 
external input pins. Figure 29 shows the format of 
the INTO and INT1 Control registers; Figure 30 
shows the format of the INT2 and INT3 Control reg- 
isters. In cascade mode or special fully nested 
mode, the control words for INT2 and INT3 are not 
used. 


The bits in the various control registers are encoded 
as follows: 


PRO-2: Priority programming information. Highest 
Priority = 000, Lowest Priority = 111 


Level-trigger mode bit. 1 = level-triggered; 
0 = edge-triggered. Interrupt Input levels 
are active high. In level-triggered mode, an 
interrupt is generated whenever the exter- 
nal line is high. In edge-triggered mode, an 
interrupt will be generated only when this 


LTM: 


level is preceded by an inactive-to-active 
transition on the line. In both cases, the 
level must remain active until the interrupt 
is acknowledged. 


MSK: Mask bit, 1 = mask; 0 = non-mask. 


C: Cascade mode bit, 1 = cascade; 0 = di- 
rect 


SFNM: Special fully nested mode bit, 1 = SFNM 


EOI Register 


The end of the interrupt register is a command regis- 
ter which can only be written into. The format of this 
register is shown in Figure 30. It initiates an EOI 
command when written to by the 80C188 CPU. 


The bits in the EOI register are encoded as follows: 


S,: Encoded information that specifies an in- 
terrupt source vector type as shown in Ta- 
ble 4. For example, to reset the In-Service 
bit for DMA channel 0, these bits should be 
set to 01010, since the vector type for DMA 
channel 0 is 10. 


NOTE: 
To reset the single In-Service bit for any of 


the three timers, the vector type for timer 0 
(8) should be written in this register. 


NSPEC/: A bit that determines the type of EO! com- 
SPEC mand. Nonspecific = 1, Specific = 0. 


Figure 28. Timer/DMA Control Registers Formats 
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Figure 29. INTO/INT1 Control Register Formats 


Figure 30. INT2/INT3 Control Register Formats 
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Poll and Poll Status Registers 


These registers contain polling information. The for- 
mat of these registers is shown in Figure 32. They 
can only be read. Reading the Poll register consti- 
tutes a software poll. This will set the IS bit of the 
highest priority pending interrupt. Reading the poll 
status register will not set the IS bit of the highest 
priority pending interrupt; only the status of pending 
interrupts will be provided. 


Encoding of the Poll and Poll Status register bits are 
as follows: 


S,: Encoded information that indicates the 
vector type of the highest priority inter- 
rupting source. Valid only when INTREQ 
= 1. 


INTREQ: This bit determines if an interrupt request 
is present. Interrupt Request = 1; no In- 
terrupt Request = 0. 


SLAVE MODE OPERATION 


When slave mode is used, the internal 80C 188 inter- 
rupt controller will be used as a slave controller to an 
external master interrupt controller. The internal 
80C188 resources will be monitored by the internal 
interrupt controller, while the external controller 
functions as the system master interrupt controller. 


1 


Upon reset, the 80C188 will be in master mode. To 
provide for slave mode operation bit 14 of the relo- 
cation register should be set. 


Because of pin limitations caused by the need to 
interface to an external 82C59A master, the internal 
interrupt controller will no longer accept external in- 
puts. There are however, enough 80C188 interrupt 
controller inputs (internally) to dedicate one to each 
timer. In this mode, each timer interrupt source has 
its own mask bit, IS bit, and control word. 


In slave mode each peripheral must be assigned a 
unique priority to ensure proper interrupt controller 
operation. Therefore, it is the programmer’s respon- 
sibility to assign correct priorities and initialize inter- 
rupt control registers before enabling interrupts. 


Slave Mode External Interface 


The configuration of the 80C188 with respect to an 
external 82C59A master is shown in Figure 33. The 
INTO (Pin 45) input is used as the 80C188 CPU inter- 
rupt input. INT3 (Pin 41) functions as an output to 
send the 80C188 slave-interrupt-request to one of 
the 8 master-PIC-inputs. 


5 14 13 5 4 3 y ee | 0 
SPEC/ 
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Figure 31. EO! Register Format 


Figure 32. Poll and Poll Status Register Format 
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Figure 33. Slave Mode Interrupt Controller Connections 


Correct master-slave interface requires decoding of 
the slave addresses (CASO-2). Slave 82C59As do 
this internally. Because of pin limitations, the 
80C188 slave address will have to be decoded ex- 
ternally. INT1 (Pin 44) is used as a slave-select in- 
put. Note that the slave vector address is transferred 
internally, but the READY input must be supplied ex- 
ternally. eee an 


INT2 (Pin 42) is used as an acknowledge output, 
suitable to drive the INTA input of an 82C59A. 


Interrupt Nesting 


Slave mode operation allows nesting of interrupt re- 
quests. When an interrupt is acknowledged, the pri- 
ority logic masks off all priority levels except those 
with equal or higher priority. 


Vector Generation in the Slave Mode 


Vector generation in slave mode is exactly like that 
of an 82C59A slave. The interrupt controller gener- 
ates an 8-bit vector which the CPU multiplies by four 
and uses as an address into a vector table. The sig- 
nificant five bits of the vector are user-programma- 
ble while the lower three bits are generated by the 
priority logic. These bits represent the encoding of 
the priority level requesting service. The significant 
five bits of the vector are programmed by writing to 
the Interrupt Vector register at offset 20H. 


Specific End-of-Interrupt 


In slave mode the specific EO! command operates 
to reset an in-service bit of a specific priority. The 
user supplies a 3-bit priority-level value that points to 
an in-service bit to be reset. The command is exe- 
cuted by writing the correct value in the Specific EOI 
register at offset 22H. 


interrupt Controller Registers 
in the Slave Mode 


All control and command registers are located inside 
the internal peripheral control block. Figure 34 
shows the offsets of these registers. 


End-of-interrupt Register 


The end-of-interrupt register is a command register 
which can only be written. The format of this register 
is shown in Figure 35. It initiates an EOI command 
when written by the 80C188 CPU. 


The bits in the EOI register are encoded as follows: 


Ly: | Encoded value indicating the priority of the IS 
bit to be reset. 
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In-Service Register | The bits of the Control Registers are encoded as 
follows: 

This cota can ae from or Bias into. Itcon- = 5. 3-bit encoded field indicating a priority level 

tains the alge it xe sae fe) the internal inter- for the source; note that each source must be 

rupt sources. The format for this register is shown in programmed at specified levels. 


Figure 36. Bit positions 2 and 3 correspond to the 
DMA channels; positions 0, 4, and 5 correspond to 
the integral timers. The source’s IS bit is set when 
the processor acknowledges its interrupt request. 


msk: mask bit for the priority level indicated by pr, 
bits. 


OFFSET 


interrupt Request Register LEVEL 5 CONTROL REGISTER 
3AH 
(TIMER 2) 
This register indicates which internal peripherals LEVEL 4 CONTROL REGISTER 
have interrupt requests pending. The format of this (TIMER 1) 38H 
register is shown in Figure 36. The interrupt request LEVEL 3 CONTROL REGISTER 
bits are set when a request arrives from an internal (DMA 1) 36H 
source, and are reset when the processor acknowl- EVEL F GOKEROL nieaiavenl 
edges the request. As in master mode, DO and D1 (DMA 0) 34H 
are read/write; all other bits are read only. 
LEVEL 0 CONTROL REGISTER ay: 
(TIMER 0) 
Mask Register INTERRUPT STATUS REGISTER 30H 
The register contains a mask bit for each interrupt 
source. The format for this register is shown in Fig- INTERRUPT-REQUEST REGISTER 
ure 36. If the bit in this register corresponding to a 
particular interrupt source is set, any interrupts from IN-SERVICE REGISTER 


that source will be masked. These mask bits are ex- 


actly the same bits which are used in the individual PRIORITY-LEVEL MASK REGISTER 
control registers, i.e., changing the state of a mask 

bit in this register will also change the state of the 
mask bit in the individual interrupt control register 


corresponding to the bit. 


SPECIFIC EO! REGISTER 


Control Registers INTERRUPT VECTOR REGISTER 


These registers are the control words for all the in- 


ternal interrupt sources. The format of these regis- Figure 34. Interrupt Controller Registers 
ters is shown in Figure 37. Each of the timers and (Slave Mode) 

both of the DMA channels have their own Control 

Register. 
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Figure 35. Specific EOI Register Format 


8 7 6 5 4 3 2 1 0 
fo }toftote -« « «fo { o | o |twR2[TMR1] D1 | Do | o [TMRO 


Figure 36. In-Service, Interrupt Request, and Mask Register Format 
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interrupt Vector Register 


This register provides the upper five bits of the inter- 
rupt vector address. The format of this register is 
shown in Figure 38. The interrupt controller itself 
provides the lower three bits of the interrupt vector 
as determined by the priority level of the interrupt 
request. 


The format of the bits in this register is: 
ty: 5-bit field indicating the upper five bits of the 


vector address. 
Priority-Level Mask Register 


This register indicates the lowest priority-level inter- 
rupt which will be serviced. 


The encoding of the bits in this register is: 
m,: 3-bit encoded field indication priority-level val- 


ue. All levels of lower priority will be masked. 
interrupt Status Register 


This register is defined as in master mode except 
that DHLT is not implemented (see Figure 27). 
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Interrupt Controller and Reset 


Upon RESET, the interrupt controller will perform 
the following actions: 


e All SFNM bits reset to 0, implying Fully Nested 
Mode. 


e All PR bits in the various control registers set to 1. 
This places all sources at lowest priority (level 
111). 


e All LTM bits reset to 0, resulting in edge-sense 
mode. 


All Interrupt Service bits reset to 0. 

All Interrupt Request bits reset to 0. 

All MSK (Interrupt Mask) bits set to 1 (mask). 
All C (Cascade) bits reset to 0 (non-cascade). 


All PRM (Priority Mask) bits set to 1, implying no 
levels masked. 


e |nitialized to master mode. 


7 6 5 4 3 2 #32 
| o | o | o | o | MSk] PR2 | PRt | PRO | 


Figure 37. Control Word Format 
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Figure 38. Interrupt Vector Register Format 
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Figure 39. Priority Level Mask Register 
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Enhanced Mode Operation 


In Compatible Mode the 80C188 operates with all 
the features of the NMOS 80188, with the exception 
of 8087 support (i.e. no numeric coprocessing is 
possible). Queue-Status information is still available 
for design purposes other than 8087 support. 


All the Enhanced Mode features are completely 
masked when in Compatible Mode. A write to any of 
the Enhanced Mode registers will have no effect, 
while a read will not return any valid data. 


In Enhanced Mode, the 80C188 will operate with 
Power-Save and DRAM refresh, in addition to all the 
Compatible Mode features. 


Entering Enhanced Mode 


Enhanced mode can be entered by tying the RESET 
output signal from the 80C188 to the TEST/BUSY 
input. 


Queue-Status Mode 


The queue-status mode is entered by strapping the 
RD pin low. RD is sampled at RESET and if LOW, 
the 80C188 will reconfigure the ALE and WR pins to 
be QSO and QS1 respectively. This mode is avail- 
able on the 80C188 in both Compatible and En- 
hanced Modes and is identical to the NMOS 80188. 
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DRAM Refresh Control Unit 
Description 


The Refresh Control Unit (RCU) automatically gen- 
erates DRAM refresh bus cycles. The RCU operates 
only in Enhanced Mode. After a programmable peri- 
od of time, the RCU generates a memory read re- 
quest to the BIU. If the address generated during a 
refresh bus cycle is within the range of a properly 
programmed chip select, that chip select will be acti- 
vated when the BIU executes the refresh bus cycle. 
The ready logic and wait states programmed for that 
region will also be in force. If no chip select is acti- 
vated, then external ready is automatically required 
to terminate the refresh bus cycle. 


If the HLDA pin is active when a DRAM refresh re- 
quest is generated (indicating a bus hold condition), 
then the 80C188 will deactivate the HLDA pin in or- 
der to perform a refresh cycle. The circuit external to 
the 80C188 must remove the HOLD signal in order 
to execute the refresh cycle. The sequence of HLDA | 
going inactive while HOLD is being held active can 
be used to signal a pending refresh request. 


All registers controlling DRAM refresh may be read 
and written in Enhanced Mode. When the processor 
is operating in Compatible Mode, they are deselect- 
ed and are therefore inaccessible. Some fields of 
these registers cannot be written and are always 
read as zeros. 


DRAM Refresh Addresses 


The address generated during a refresh cycle is de- 
termined by the contents of the MDRAM register 
(see Figure 40) and the contents of a 9-bit counter. 
Figure 41 illustrates the origin of each bit. 


BL a al a Ba aia a ad 
Offset EOH 


Bits O—8: Reserved, read back as 0. 


Bits 9-15: MO-M6, are address bits A13-A19 of the 20-bit memory refresh address. These bits should 
correspond to the chip select address to be activated for the DRAM partition. These bits are 


set to 0 on RESET. 


Figure 40. Memory Partition Register 


Ai9 A18 A17 A16 A15 Ai4 A113 Ai2 Ati 


A10 A9 A8 A7 A6 AS A4 A3 _ A2_ A1_ AO 


[me | ms | m4 [ m3 | m2 {Mi} Mo! o | o | o | cas] caz7| cas] cas | CAa| cas | CA2| Cai | CAO! 1 | 


M6-MO: Bits defined by MDRAM Register 
CA8-CAO: Bits defined by refresh address counter 


Figure 41. Addresses Generated by RCU 
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Bits 0-8: 
request. 


Bits 9-15: Reserved, read back as 0. 
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Figure 42. Clock Pre-Scaler Register 
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Bits 0-8: 
Bits 9-14: Reserved, read back as 0. 
Bit 15: Enable RCU, set to 0 on RESET. 


Refresh Control Unit Programming and 
Operation 


After programming the MDRAM and the CDRAM 
registers (Figures 40 and 42), the RCU is enabled by 
setting the ‘“E” bit in the EDRAM register (Figure 
43). The clock counter (TO-T8 of EDRAM) will be 
loaded from CO-C8 of CDRAM during T3 of instruc- 
tion cycle that sets the “E”’ bit. The clock counter is 
then decremented at each subsequent CLKOUT. 


A refresh is requested when the value of the counter 
has reached 1 and the counter is reloaded from 
CDRAM. In order to avoid missing refresh requests, 
the value in the CDRAM register should always be at 
least 18 (12H). Clearing the “E”’ bit at anytime will 
clear the counter and stop refresh requests, but will 
not reset the refresh address counter. 


POWER-SAVE CONTROL 


Power Save Operation 


The 80C188, when in Enhanced Mode, can enter a 
power saving state by internally dividing the clock-in 
frequency by a programmable factor. This divided 


TO-T8, refresh clock counter outputs. Read only. 


Figure 43. Enable RCU Register 


frequency is also available at the CLKOUT pin. The 
PDCON register contains the two-bit fields for se- 
lecting the clock division factor and the enable bit. 


All internal logic, including the Refresh Control Unit 
and the timers, will have their clocks slowed down 
by the division factor. To maintain a real time count 
or a fixed DRAM refresh rate, these peripherals must 
be re-programmed when entering and leaving the 
power-save mode. 


The power-save mode is exited whenever an inter- 
rupt is processed by automatically resetting the en- 


able bit. If the power-save mode is to be re-entered | 


after serving the interrupt, the enable bit will need to 
be reset in software before returning from the inter- 
rupt routine. 


The internal clocks of the 800188 will begin to be 
divided during the T3 state of the instruction cycle 
that sets the enable bit. Clearing the enable bit will 
restore full speed in the T3 state of that instruction. 


At no time should the internal clock frequency be 
allowed to fall below 0.5 MHz. This is the minimum 
operational frequency of the 80C188. For example, 
an 80C188 running with a 12 MHz crystal (6 MHz 
CLOCKOUT) should never have a clock divisor 
greater than eight. 
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PDCON 


Bits O-1: 


0 0 
0 1 
1 0 
1 1 


Clock Divisor Select 
F1 FO 


15 14 13 12 11 10 +) 8 7 6 5 4 3 2 1 0 
: F1 FO 
Offset FOH 


Division Factor 
divide by 1 
divide by 4 
divide by 8 
divide by 16 


Bits 2-14: Reserved, read back as zero. 


Bit 15: 


Enable Power Save Mode. Set to zero on RESET. 


Figure 44. Power-Save Control Register 


ONCE™ Test Mode 


To facilitate testing and inspection of devices when 
fixed into a target system, the 80C188 has a test 
mode available which allows all pins to be placed in 
a high-impedance state. “ONCE” stands for “ON 
Circuit Emulation”. When placed in this mode, the 
80C188 will put all pins in the high-impedance state 
until RESET. 


The ONCE mode is selected by tying the UCS and 
the LCS LOW during RESET. These pins are sam- 
pled on the low-to-high transition of the RES pin. 
The UCS and the LCS pins have weak internal pull- 
up resistors similar to the RD and TEST/BUSY pins 
to guarantee proper normal operation. 
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Figure 45. Typical 80C 188 Computer 
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ABSOLUTE MAXIMUM RATINGS* *Notice: Stresses above those listed under “Abso- 


lute Maximum Ratings” may cause permanent dam- 
Ambient Temperature under Bias ....0°C to + 70°C age to the device. This is a stress rating only and 


Storage Temperature .......... —65°C to + 150°C functional operation of the device at these or any 
Voltage on Any Pin with feb peared Pct hn fee es . xy nae 
Respect to Ground ............ —1.0V to +7.0V seats ale ig echt chad hee i soya 
eet posure to absolute maximum rating conditions for 

Package Power Dissipation ................... 3W extended periods may affect device reliability. 


NOTICE: Specifications contained within the 
following tables are subject to change. 


ADVANCE INFORMATION—SEE INTEL FOR DESIGN-IN INFORMATION 


D.C. CHARACTERISTICS 
Ta = OC to + 70°C, Voc = 5V 410% except Voc = 5V + 5% at 16 MHz 


meee eo ie ae 
Ce ee oe oe 
(All csr X1 and RES 
lo. = 2.0 mA (others) 
| 24 | Voc | lon = ~24mA@ 24V 
gis Lev Teoma 


loc Power Supply Current 150 mA | @ 12.5 MHz, 0°C , 
. Voc = 5.5V 


ee Power Save Current 10 mA per MHz + 20 mA | Typical 


=| 
x 


@25°C, Voc = 5.0V 


ig [nputteatage Curent [| 210 | wa [ossvs Vw Voo 
ho [Outputusatage Curent [| 210 | wa |aasv 2 Vor < Voom 
vo |GicckOuputtow | | Os |v |igo=4oma 
ou —[Ciock Owtputrign | 0aves [| V |imo= -800pA 
ow [StockinputLow vonage oe -os [oe [vf 
Vous [GiockinputrighVonage xy] a0 | va+os |v] 
On [imputGaractance «| dt a lee 
ee ee ee sr ee 


NOTES: 

1. Pins being floated during HOLD or by invoking the ONCE Mode. 

2. Characterization conditions are a) Frequency = 1 MHz; b) Unmeasured pins at GND; c) Vin at +5.0V or 0.45V. This 
parameter is not tested. 
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PIN TIMINGS 


ADVANCE INFORMATION—SEE INTEL FOR DESIGN-IN INFORMATION 
A.C. CHARACTERISTICS 
Ta = 0°C to +70°C, Vog = 5V +10% except Voc = 5V +5% at 16 MHz 


All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with C, = 50-200 pF (10 MHz) and C_ = 50-100 pF (12.5-16 MHz). 


Input Vii = 0.45V and Vin = 2.4V for A.C. tests. 
80C 188-10 80C 188-12 80C 188-16 Test 

ee | MM Re ee Tl eT eo 
80C 186 TIMING REQUIREMENTS 
Data In Setup (A/D) ee Ce ee a eas 
Data In Hold (A/D) higuese Woe She ysis ashlee hayes 
TarycH | ARDY Resolution Transition 1S 

Setup Time(1) 
TarRYLCL | Asynchronous Ready (ARDY) 

Setup Time 


ARDY Active Hold Time 


TARYCHL | ARDY Inactive 
Hold Time 

TsrycL. | Synchronous Ready 
(SRDY) Transition 
Setup Time() 

Tcisry | SRDY Transition 
Hold Time 


pa 


TinvcH | INTR, NMI, TEST, TMR IN 
Setup Time() 

TinvcL | DRQO, DRQ1, Setup 
Time() 


80C 188 MASTER INTERFACE TIMING RESPONSES 


Toy [AddressValidDelay | 5 | 0 | 5 | 6 | | 83 | ns | C= 50pF 
Tekan | Addons pele A TY tS SS oe eee ee 
a ee ee ee foci 


(except 
TCHCz Command Lines 
Float Delay 
TCHCV Command Lines Valid 37 
Delay (after Float) 


ALE Width (min) Toca-30|  |Taa-30| | Tac-30| | ns | C.=50pF 


ALE Active Delay 2} 2,2 bhai 
ena= lar 

Toute | ALE Inactive Delay ns | @ 1258 
16 MHz 


TLLAX Address Hold to Sane = 20 Ban = 15 han = nae 

ALE Inactive (min) 
Data Valid Delay 
Data Hold Time _ fay om ks ace Sam ase a Fees“ 
DataHoldafter WR (min) | Toror~ 34] | Torcr-20| | Torr 20| _| ns | 
Control Active Delay 1 La SE ee CC aie: Se SE 
Control Active Delay 2 epg 8 ae 
Control inactive Delay aS 2S ee 
Tcvpex | DEN Inactive Delay 

(Non-Write Cycle) 
NOTE: 
1. To guarantee recognition at next clock. 
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PIN TIMINGS (Continued) 


ADVANCE INFORMATION—SEE INTEL FOR DESIGN-IN INFORMATION 


A.C. CHARACTERISTICS 
Ta = 0°C to +70°C, Voc = 5V +10% except Voc = 5V +5% at 16 MHz 


C, = 50-200 pF 
all outputs 


(except To_Tmv) 
@ 10 MHz 


C, = 50-100 pF 
all outputs @ 
erg ee & 16 MHz 


es = 50-100 pF 
All outputs @ 
12.5 & 16 MHz 


All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with CL = 50-200 pF (10 MHz) and C; = 50-100 pF (12.5-16 MHz). 
Input Vi, = 0.45V and Vin, = 2.4V for A.C. tests. 
80C 188-10 80C 188-12 80C 188-16 Test 
ere] renee eee el Sih trates 
80C 188 MASTER INTERFACE TIMING RESPONSES (Continued) | 
Tazr~L | Address Float to 
RD Active 
RD Active Delay eet, 5 | lethal inay 
RD Inactive Delay ree ton ae aS ee 
TrHav | RD Inactive to TcioL. — 40 Terai! 20 Tcoici — 20 
Address Active 
(min) 
HLDA ValidDelay | 5__—|_40 | 
TriRH | RD Pulse Width 2TcicL — 46 a — 40 Bn — +. 
(min) 
TwewH | WR Pulse Width 2TcicL — 34 2TcicL — 30 2tovcc~ 25 
(min) 
Tavit | Address Valid to TcoLcH — 19 ToucH — 15 Torcer 15 Equal 
ALE Low (min) Loading 
Tcusy | Status Active 31 
Delay 
TcLisH | Status Inactive 
Delay 
Tcitmv | Timer Output Delay 100 pF max 
me 10 MHz 
Reset Delay | ns | CL = 50-200 pF 
All outputs 
T Queue Status 
iad SON Td OI (car Tec) 
@ 10 MHz 
Status Hold Time 
TavcH_ | Address Valid to 
Clock High 
Totty | LOCK Valid/invalid 
mabe 
TpxpL_ | DEN Inactive to Equal 
DT/R Low Loading 
80C 188 CHIP-SELECT TIMING een 
Toicsv | Chip-Select 
Active Delay 
Texcsx | Chip-Select TCLCH — 10 be te TcLCH — 10 wee 
Hold from Loading 
Command Inactive 
Tcoucsx | Chip-Select 
Inactive Deiay 
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nigh ects | ADVANCE IPORRIATION 


PIN TIMINGS (Continued) 


ADVANCE INFORMATION—SEE INTEL FOR DESIGN-IN INFORMATION 


A.C. CHARACTERISTICS 
Ta = O°C to +70°C, Voc = 5V +10% except Voc = 5V +5% at 16 MHz 


All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with C_ = 50-200 pF (10 MHz) and C, = 50-100 pF (12.5-16 MHz). 
Input Vi, = 0.45V and Vin = 2.4V for A.C. tests. 


80C 188-10 80C 188-12 80C 188-16 Test 
a et ee asl ae at ae ee 


80C 188 CLKIN REQUIREMENTS Measurements taken with following conditions: External clock input to X1 and X2 not 
connected (float) 


Toxin | CLKINPeriod | 50__—| 1000] 40. | 1000] 34.25 | 1000| ns | 
Tox [Cukinrattime | | s | | ns | sto tov | 
Tox | CLKINRiseTime | | 5 | | ns | 1.0 to 3.5 
Técox:' | .CLKINLowTime |) ve 20] PT tae neve. 5 4 
Touck. FELKinHigh Time | 20 [| is | te ve 


80C 188 CLKOUT TIMING 200 pF load maximum for 10 MHz or less, 100 pF load maximum above 10 MHz 


Tcico CLKIN to 17 
CLKOUT Skew 


CLKOUT Period | 100 | 2000. 


TCLCH CLKOUT 0.5 TcitcL—6 0.5 = + 2 0.5 ee + te = —— 
Low Time (min) 

TCHCL CLKOUT 0.5 TcitcL—-6 0.5 TcitcL—5 0.5 ToitcL—5 1.5V 
High Time (min) 

TCH1iCH2 | CLKOUT 10 10 1.0 to 3.5V 
Rise Time 

Totect1 | CLKOUT 10 3.5 to 1.0V 

Fall Time 


NOTE: 
2. TcLck and TcHcK (CLKIN Low and High times) should not have a duration less than 40% of Toxin. 
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WAVEFORMS 


MAJOR CYCLE TIMING 
Vou + te To Tz Tw 4 
TCH1CH2 -1TCL2CL1 
TCLCL 


CLK OUT 
pose TCHCL ses} 4 b Aen aad 


53-56 a 


TCLAV 
Eanes TCLAX ua > 
(S7,A19~A16 } \ 


3 mane 
— (NOTE 1) 


A15-A8 A15=A8 (FLOAT DURING INTA) 


TCHCZ 


S7, 


WRITE CYCLE 
RD,INTA, 


DT/R=Voy 


AD7~ADo aml 


FLOAT FLOAT 
- 
INTA CYCLE eich ate 
DT/R 
ve cet 


RD,WR,=Voy 


SOFTWARE HALT=DT/R=Vo, 
S7,RD,WR,INTA,DEN=Voy, INVALID ADDRESS 

PCS, 

MCS, 

LCS, 

UCS, 

(NOTE 4) 

270432-22 
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intel ag «==: ADVANCE INFORMATION 
WAVEFORMS (Continued) 
MAJOR CYCLE TIMING (Continued) 
TCHICH2 


T, T3 Tw | 
TCL2CL1 | 
| 


pared 
BNE 
ns a 


SH 
(Note 3) 


| x7 


READ CYCLE 


<— TCLCSV 
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NOTES: 

1. Following a Write cycle, the Local Bus is floated by the 80C188 only when the 80C188 enters a ‘Hold Acknowledge” 
state. : 

2. INTA occurs one clock later in slave mode. 

3. Status inactive just prior to T4. 

4. Latched A1 and A2 have the same timings as PCS5 and PCS6. 
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WAVEFORMS (Continued) 


CLKOUT 


TINVCH 
TINVCL —> 


INTO-3 
TIMERIN 


td 


CLKOUT 


270432-24 
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intel Sai a Ge aneiee ADVANCE OF ORRAATION 


WAVEFORMS (Continued) 
READY TIMING 


Tw or Tz or 
| To Tw or Tz | 


CLKOUT 
TARYCH TCLARX 
ARDY eel 


(NORMALLY 
NOT READY) 


TARYCH TARYCHL 
si ay 


(NORMALLY capyrel 
READY) a TCLARX 


Tw or Tz or 
| T Tw or Tz 


CLKOUT 


270432-25 
HOLD-HLDA TIMING 


CLKOUT 


TCLHAV TCLHAV 


HLDA 


AD15—= ADO a 
DEN 800188 80C188 


A19/S6-A16/S3, 
RD, WR, 

ae sue 800188 
S2=S0, LOCK 


270432-26 
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WAVEFORMS (Continued) 
TIMER ON 80C186 


80C 188 


TCHICH2—> 


TIMERIN 


2 1/2 - 6 1/2 CLOCKS 


80C 188 EXECUTION TIMINGS 


A determination of 80C188 program execution tim- 
ing must consider both the bus cycles necessary to 
prefetch instructions as well as the number of exe- 
cution unit cycles necessary to execute instructions. 
The following instruction timings represent the mini- 
mum execution time in clock cycles for each instruc- 
tion. The timings given are based on the following 
assumptions: 


e The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 


e No wait states or bus HOLDs occur. 


270432-27 


All instructions which involve memory accesses can 
require one or two additional clocks above the mini- 
mum timings shown due to the asynchronous hand- 
shake between the BIU and execution unit. 


All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 


The 80C188 8-bit BIU is noticeably limited in its per- 
formance relative to the execution unit. A sufficient 
number of prefetched bytes may not reside in the 
prefetch queue much of the time. Therefore, actual 
program execution will be substantially greater than 
that derived from adding the instruction timings 
shown. 
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Intel HON ae 800188 
INSTRUCTION SET SUMMARY 


Clock 


DATA TRANSFER 
MOV = Move: 


Register to Register/Memory 1000100w mod reg r/m 


Register/memory to register 1000101iw 

Immediate to register/memory 1100011w 
Immediate to register 1011Ww reg data 

Memory to accumulator 1010000w 

Accumulator to memory | 1010001w 

Register/memory to segment register 10001110 


Segment register to register/memory 10001100 mod 0 reg r/m 
PUSH = Push: 


Memory Truitt. mod 110 r/m 


Register 01010 reg 


8/16-bit 


8/16-bit 


Segment register 000regi10 


POP = Pop: 


Memory 10001111 mod000 r/m 
Register 01011 reg 
000regi11 (reg#01) 


Segment register 


XCHG = Exchange: 
Register/memory with register 1000011w 


mod reg r/m 
Register with accumulator 10010 reg 


IN = Input from: 
Fixed port 
Variable port 1110110w 


OUT = Output to: 
Fixed port 


ne] 
° 
| 


Variable port 1110111w 
XLAT = Translate byte to AL 


LEA = Load EA to register 10001101 mod reg r/m 


LDS = Load pointer to DS _ 11000101 (mod#11) 


LES = Load pointer to ES 11000100 (mod¥11) 
LAHF = Load AH with flags 


SAHF = Store AH into flags 


PUSHF = Push flags 10011100 


POPF = Pop flags 10011101 


Shaded areas indicate instructions not available in 8086, 8088 microsystems. 


*NOTE: 
Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 


Function Format Cok Comments 
Cycies 


DATA TRANSFER (Continued) 
SEGMENT = Segment Override: 


00101110 
00110110 


00111110 


00100110 


Reg/memory with register to either 000000dw mod reg r/m 


mod000 r/m 


data ifs w=01 


Immediate to accumulator 0000010w data data if w= 1 8/16-bit 


Immediate to register/memory 100000sw 


ADC = Add with carry: 


Reg/memory with register to either 000100dw mod reg r/m 


data ifs w=01 


data if w=1 | 8/16-bit 


Immediate to register/memory 100000sw mod010 r/m 


Immediate to accumulator 0001010w data 


INC = Increment: 


Register/memory 17T1 TT mod000 r/m 


Register 01000 reg 


SUB = Subtract: 


Reg/memory and register to either 001010dw mod reg r/m 


data ifs w=01 


data if w= 1 8/16-bit 


Immediate from register/memory 100000sw mod101 r/m 


Immediate from accumulator 0010110wW 


SBB = Subtract with borrow: 
Reg/memory and register to either 000110dw mod reg r/m 


Immediate from register/memory 100000sw mod011 r/m data ifs w=01 


Immediate from accumulator 0001110w 8/16-bit 
DEC = Decrement 


Register/memory See haee’. mod001 r/m 


Register 01001 reg 


CMP = Compare: 


Register/memory with register 0011101w 


mod reg r/m 


Register with register/memory 0011100w 


Immediate with register/memory 100000sw mod111 r/m data ifs w=01 


Immediate with accumulator 0011110w data data if w= 1 8/16-bit 
NEG = Change sign register/memory | 1111011w 

AAA = ASCII adjust for add 00110111 

DAA = Decimal adjust for add 00100111 

AAS = ASCII adjust for subtract 
DAS = Decimal adjust for subtract 00101111 


Shaded areas indicate instructions not available in 8086, 8088 microsystems. 


*NOTE: 
Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 


Clock 
Function Format Cycles 


ARITHMETIC (Continued) 


MUL = Multiply (unsigned): 1111011w mod 100 r/m 


Register-Byte 


IMUL = Integer multiply (signed): 1111011Ww | mod101 r/m 


Register-Byte 
Register-Word 
Memory-Byte 


DIV = Divide (unsigned): 1111011w 


Register-Byte 
Register-Word 
Memory-Byte — 
Memory-Word 


IDIV = Integer divide (signed): 1111011w | mod111r/m 


mod 110 r/m 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


AAM = ASCIl adjust for multiply 11010100 00001010 
AAD = ASCII adjust for divide 11010101 00001010 


CBW = Convert byte to word 


CWD = Convert word to double word 


LOGIC 
Shift/Rotate Instructions: 


Register/Memory by 1 1101000w mod TTT r/m 


2/15 


5+n/17+n 


Register/Memory by CL 1101001w mod TTT r/m 


TTT Instruction 


000 ROL 
001 ROR 
010 RCL 
017 RCR 
100 SHL/SAL 
101 SHR 
111 SAR 


AND = And: 


Reg/memory and register to either 

Immediate to register/memory 
Immediate to accumulator 
Shaded areas indicate instructions not available in 8086, 8088 microsystems. 


*NOTE: ; 
Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 


8/16-bit 
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INSTRUCTION SET SUMMARY (Continued) 


Function 


Format Gipex Comments 
Cycles 


LOGIC (Continued) 
TEST = And function to flags, no result: 


Register/memory and register 1000010w mod reg r/m 


mod000 r/m data data if w=1 


Immediate data and accumulator 1010100w data data if w= 1 


Immediate data and register/memory 


8/16-bit 


OR = Or: 
Reg/memory and register to either 000010dw 


Immediate to register/memory 10900000w | mod001 r/m data if w= 1 
data if w= 1 


Immediate to accumulator 0000110w 8/16-bit 


XOR = Exclusive or: 
Reg/memory and register to either 001100dw 


Immediate to register/memory 1000000w | mod1101r/m data if w= 1 
Immediate to accumulator 0011010w data if w= 1 
NOT = Invert register/memory 1711011w mod010 r/m 


STRING MANIPULATION 
MOVS = Move byte/word 1010010w 


8/16-bit 


CMPS = Compare byte/word 1010011w 
SCAS = Scan byte/word 1010111w 
LODS = Load byte/wd to ALAX 1010110w 


STOS = Stor byte/wd from ALA 1010101w 


Repeated by count in CX 


MOVS = Move string 11110010 1010010w 
CMPS = Compare string TI1TOOT2 1010011w 


SCAS = Scan string TAL180 12 1010111w 


LODS = Load string 11110010 


STOS = Store string 


8+ 8n* 


5+ 22n* 


5+ 15n* 


6+ 11n* 


1010101w 6+ 9n* 


CONTROL TRANSFER 
CALL = Call: 


Direct within segment 11101000 
Register/memory ey mod010 r/m 


indirect within segment 


Direct intersegment 10011010 segment offset 
segment selector 


Pack TUT mod011 r/m (mod # 11) 


Shaded areas indicate instructions not available in 8086, 8088 microsystems. 


*NOTE: 
Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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Indirect intersegment 


ees 


INSTRUCTION SET SUMMARY (Continuea) 


Function Format 


CONTROL TRANSFER (Continued) 
JMP = Unconditional jump: 


Short/long 
Direct within segment 


Register/memory 111111114 |mod100 r/m 
indirect within segment 


Direct intersegment 


Indirect intersegment 11111111 #|mod101 r/m| (mod # 11) 
RET = Return from CALL: 


Within segment 11000011 


data-low data-high 
data-low data-high | 


Within seg adding immed to SP 11000010 


Intersegment 11001011 


Intersegment adding immediate to SP 11001010 


JE/JZ = Jump on equal/zero 01110100 


JL/JNGE = Jump on less/not greater or equal 077747100 


JLE/JNG = Jump on less or equal/not greater 01111110 


JB/JNAE = Jump on below/not above or equal OT 7100 1.0 


JBE/JNA = Jump on below or equal/not above 01,1704 £0 


JP/JPE = Jump on parity/parity even 01111010 


JO = Jump on overflow 01110000 


JS = Jump on sign 01111000 


JNE/JNZ = Jump on not equal/not zero 01110101 


JNL/JGE = Jump on not less/greater or equal OPV4eito'} 


JNLE/JG = Jump on not less or equal/greater fe Se 


JNB/JAE = Jump on not below/above or equal 017100141 


JNBE/JA = Jump on not below or equal/above Oy-T10.114 


JNP/JPO = Jump on not par/par odd O11 TOT 


JNO = Jump on not overflow 01110001 


JNS = Jump on not sign 01111001 


JCXZ = Jump on CX zero 11100011 


LOOP = Loop CX times 11100010 


LOOPZ/LOOPE = Loop while zero/equal 11100001 


LOOPNZ/LOOPNE = Loop while not zero/equal | 11100000 


Shaded areas indicate instructions not available in 8086, 8088 microsystems. 
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JMP not 
taken/JMP 
taken 


LOOP not 
taken/LOOP 
taken 
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INSTRUCTION SET SUMMARY (Continued) 


Function | Format Clock | Comments 
' Cycles 


CONTROL TRANSFER (Continued) 


INT = Interrupt: 


Type specified 


IRET = Interrupt return 


PROCESSOR CONTROL 
CLC = Clear carry 

CMC = Complement carry 
STC = Set carry 

CLD = Clear direction — 
STD = Set direction 

CLI = Clear interrupt 
STI = Set interrupt 

HLT = Halt 

WAIT = Wait 

LOCK = Bus lock prefix 


ESC = Processor Extension Escape 


TTOVTITET 


11001101 
11001100 
11081410 


type 


11861111 


mod LLL r/m 


(TTT LLL are opcode to processor extension) 
Shaded areas indicate instructions not available in 8086, 8088 microsystems. 


tac te. 
fry fee ah 
- ‘S- 


> 


if INT. taken/ 
if INT. not 
taken 


if test = 0 


FOOTNOTES if r/m = 011 then EA = (BP) + (DI) + DISP 
if r/m = 100 then EA = (SI) + DISP 

The Effective Address (EA) of the memory operand ifr/m = 101 then EA = (Dl) + DISP 
is computed according to the mod and r/m fields: ifr/m = 110 then EA = (BP) + DISP* 
ifmod = 11 thenr/mis treated as a REG field ifr/m == 111 then EA = (BX) + DISP 
O55 a O° y GSP IOM SEER”. piepthilows 2nd byte of instruction (before data if 
ifmod = 01 then DISP = disp-low sign-ex- required) 

tended to 16-bits, disp-high is absent . 
ifmod = 10 then DISP = disp-high: disp-low except if mod = 00 and r/m = 110 then EA = 
ifr/m = 000 thenEA = (BX) + (SI) + DISP disp-high: disp-low. 
if r/m = 001 then EA = (BX) + (DI) + DISP 
ifr/m = 010then EA = (BP) + (SI) + DISP 
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Segment Override Prefix 


oO OD 1 


reg is assigned according to the following: 


reg 


00 
01 
10 
11 


EA caiculation time is 4 clock cycles for all modes, 
and is included in the execution times given whenev- 
er appropriate. 


reg 1 


Segment 
Register 


ES 
CS 
SS 
DS 


The physical addresses of all operands addressed 
by the BP register are computed using the SS seg- 
ment register. The physical addresses of the desti- 
nation operands of the string primitive operations 
(those addressed by the DI register) are computed 
using the ES segment, which may not be overridden. 


22-224 


001 CX 
010 DX 
011 BX 
100 SP 
101 BP 
110 SI 
111 Dl 


REG is assigned according to the following table: — 


16-Bit (w = 1) 
000 AX 


8-Bit (w = 0) 


000 AL 


- 001 CL 


010 DL 
011 BL 
100 AH 
101 CH 
110 DH 
111BH 
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82188 
INTEGRATED BUS CONTROLLER FOR 
8086, 8088, 80186, 801868 PROCESSORS 


m Provides Flexibility in System 

Configurations 

— Supports 8087 Numerics 
Coprocessor in 8 MHz 80186 and 
80188 Systems 

— Provides a Low-cost Interface for 
8086, 8088 Systems to an 82586 LAN 
Coprocessor or 82730 Text 
Coprocessor 


m@ Facilitates Interface to one or more 
Multimaster Busses 


m@ Supports Multiprocessor, Local Bus 
Systems 


m@ Allows use of 80186, 80188 High- 
integration Features 


m@ 3-State, Command Output Drivers 


m@ Available in EXPRESS 
— Standard Temperature Range 
— Extended Temperature Range 


m Available in Plastic DIP or Cerdip 
Package 


(See Packaging Spec., Order #231369) 


The 82188 Integrated Bus Controller (IBC) is a 28-pin HMOS II| component for use with 80186, 80188, 8086 
and 8088 systems. The IBC provides command and control timing signals plus a configurable 
RQ/GT <— HOLD-HLDA converter. The device may be used to interface an 8087 Numerics Coprocessor 
with an 80186 or 80188 Processor. Also, an 82586 Local Area. Network (LAN) Coprocessor or 82730 Text 


Coprocessor may be interfaced to an 8086 or 8088 with the IBC. 
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sii aa STATUS READY 
uae = DECODER LOGIC 
S2 
QS10 
RESET COMMAND a 
SIGNAL 
bo GENERATOR 
Aa/GTO RESET 
SYSHOLD CLK CONTROL yaa ae 
LOGIC 
SYSHLDA AEN GENERATOR |__| 
RQ/GT1 
CSOUT 
CSIN 
Vss "a4 laren | 
sais CSIN sate CHIP SELECT LOGIC ey. 
: Qsol : 
Figure 1. me oes DELAY CIRCUIT 1 
82188 Pin Configuration if Sy ees PS 
Se EWS doses bp gsc! cea 2 
CIRCUIT 
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RQ/GT1 
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Figure 2. 
82188 Block Diagram 


October 1986 
Order Number: 23105 1-004 
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PIN DESCRIPTIONS 


Status Input Pins 
S0-S2 correspond to the status pins of the CPU. 

The 82188 uses the status lines to detect and identify the processor 
bus cycles. The 82188 decodes S0-S2 to generate the command and 
control signals. S0-S2 are also used to insert 3 wait states into the 
SRO line during the first 256 80186 bus cycles after RESET. A HIGH 
input on all three lines indicates that no bus activity is taking place. 
The status input lines contain weak internal pull-up devices. 


Bus Cycle Initiated 


interrupt acknowledge 
read I/O 

write |/O 

halt 

instruction fetch 

read data from memory 
write data to memory 

- passive (no bus cycle) 


2 


Ls) 


— ti ot et CE OC OC OC 
— st OO =| =| CO O 
-_oO- oO -" Oo + ~ © 


CLOCK 
CLK is the clock signal generated by the CPU or clock generator 
device. CLK edges establish when signals are sampled and 

generated. 


RESET 
RESET is a level triggered signal that corresponds to the system reset 
signal. The signal initializes an internal bus cycle counter, thus 
enabling the 82188 to insert internally generated wait states into the 
SRO signal during system initialization. The 82188 mode is also 
determined during RESET. RD, WR, and DEN are driven HIGH during 
RESET regardless of AEN. RESET is active HIGH. 


Address Enable ot Oo 
This signal enables the system command lines when active. If AEN is | 
inactive (HIGH), RD, WR, and DEN will be tri-stated and ALE will be 
driven LOW (DT/R will not be effected). AEN is an asynchronous _ 
signal and is active LOW. 


Address Latch Enable 
This signal is used to strobe an address into address latches. ALE is 
active HIGH and latch should occur on the HIGH to LOW transition. 

ALE is intended for use with transparent D-type latches. 


Data Enable 
This signal is used to enable data transceivers located on either the 
local or system data bus. The signal is active LOW. DEN is tri-stated 
when AEN is inactive. 
Data TRANSMIT/RECEIVE 
This signal establishes the direction of data flow through the data 

transceivers. A HIGH on this line indicates TRANSMIT (write to I/O or 
memory) and a LOW indicates RECEIVE (Read from !/O or memory). 
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PIN DESCRIPTIONS (Continued) 


| Symbol | PinNo. | Type Name and Function 


READ 

This signal instructs an !1/O or memory device to drive its 
data onto the data bus. The RD signal is similiar to the 
RD signal of the 80186(80188) in Non-Queue-Status 
Mode. RD is active LOW and is tri-stated when AEN is 
inactive. 


WRITE 

This signal instructs an |/O or memory device to record 
‘the data presented on the data bus. The WR signal i is 
similiar to the WR signal of the 80186(80188) in Non- 
Queue-Status Mode. WR is active LOW and is tri-stated 
when AEN is inactive. 


HOLD 

The HOLD signal is used to request bus control from the 
80186 or 80188. The request can come from either the 
8087 (RQ/GTO) or from the third processor (SYSHOLD). 
The signal is active HIGH. 


HOLD Acknowledge 

80186 MODE-This line serves to translate the HLDA 
output of the 80186(80188) to the appropriate signal of 
the device requesting the bus. HLDA going active (HIGH) 
indicates that the 80186 has relinquished the bus. If the 
requesting device is the 8087, HLDA will be translated 
into the grant pulse of the RQ/GTO line. If the 
requesting device is the optional third processor, HLDA 
will be routed into the SYSHLDA line. 


This pin also determines the mode in which the 82188 
will operate. If this line is HIGH during the falling edge of 
RESET, the 82188 will enter the 8086 mode. If LOW, the 
82188 will enter the 80186 mode. For 8086 mode, this 
pin should be strapped to Vcc. 


Request/Grant O ig ee 

RQ/GTO is connected to RQ/GTO of the 8087 Numeric 
Coprocessor. When initiated by the 8087, RQ/GTO will 
be translated to HOLD-HLDA to acquire the bus from the 
80186(80188). This line is bidirectional, and is active 
LOW. RQ/GTO has a weak internal pull-up device to 
prevent erroneous request/grant signals. 


Request/Grant 1 527 at 

80186 Mode—In 80186 Mode, RQ/GT1 allows a third 
processor to take control of the local bus when the 8087 
has bus control. For a HOLD-HLDA type third processor, 
the 82188’s RQ/GT1 line should be connected to the 
RQ/GT1 line of the 8087. 


8086 MODE-In 8086 Mode, RQ/GT1 is connected to 
either RQ/GTO or RQ/GT1 of the 8086. RQ/GT1 will 
start its request/grant sequence when the SYSHOLD 
line goes active. In 8086 Mode, RQ/GT1 is used to gain 
bus control from the 8086 or 8088. 


RQ/GT1 is a bidirectional line and is active LOW. This 
line has a weak internal pull-up device to prevent 
erroneous request/grant signals. 
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PIN DESCRIPTIONS (Continued) 


| Symbol | PinNo. | Type | Name and Function 


SYSHOLD 4 System Hold 


80186 MODE-SYSHOLD serves as a hold input for an 
ee ee 


optional third processor in an 80186(80188)-8087 system. 
If the 80186(80188) has bus control, SYSHOLD will be 
routed to HOLD to gain control of the bus. If the 8087 has 
bus control, SYSHOLD will be translated to RQ/GT1 to 
gain control of the bus. 


8086 MODE-SYSHOLD serves as a hold input for a 
coprocessor in an 8086 or 8088 system. SYSHOLD is 
translated to RQ/GT1 of the 82188 to allow the 
coprocessor to take control of the bus. 


SYSHOLD may be an asynchronous signal. 


System Hold Acknowledge 
SYSHLDA serves as a hold acknowledge line to the 
processor or coprocessor connected to it. The device 
connected to the SYSHOLD-SYSHLDA lines is allowed 
the bus when SYSHLDA goes active (HIGH). 


Synchronous Ready 
The SRDY input serves the same function as SRDY of the 
80186(80188). The 82188 combines SRDY with ARDY to 
form a synchronized ready output signal (SRO). SRDY 
must be synchronized external to the 82188 and is active 
HIGH. If tied to Voc, SRO will remain active (HIGH) after 
the first 256 80186 cycles following RESET. If only ARDY 
is to be used, SRDY should be tied LOW. 


Asynchronous Ready 
The ARDY input serves the same function as ARDY of the 
80186(80188). ARDY may be an asynchronous input, and 
is active HIGH. Only the rising edge of ARDY is 
synchronized by the 82188. The falling edge must be 
synchronized external to the 82188. If connected to Vcc, 
SRO will remain active (HIGH) after the first 256 80186 
bus cycles following RESET. If only SRDY is to be used, 
ARDY should be connected LOW. » 


Synchronous READY Output 
SRO provides a synchronized READY signal which may 
be interfaced directly with the SRDY of the 80186(80188) 
and READY of the 8087. The SRO signal is an 
accumulation of the synchronized ARDY signal, the SRDY 
signal, and the internally generated wait state signal. 


Queue-Status Inputs 
QS0!I, QS1I are connected to the Queue-Status lines of 

the 80186(80188) to allow synchronization of the queue- 
status signals to 8087 timing requirements. 


Queue-Status Outputs 
QS00, QS10 are connected to the queue-status pins of 

the 8087. The signals produced meet 8087 Queue-Status 
input requirements. 
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Chip-Select Input 


CSIN is connected to one of the chip-select lines of the 
80186(80188). CSIN informs the 82188 that a bank select is taking 
place. The 82188 routes this signal to the chip-select output 


(CSOUT). CSIN is active LOW. This line is not used when memory 
and |/O device addresses are decoded external to the 
80186(80188). 


Chip-Select Output 
This signal is used as a chip-select line for a bank of memory devices. 
It is active when CSIN is active or when the 8087 has bus control. 


CSOUT is active LOW. 


FUNCTIONAL DESCRIPTION 


BUS CONTROLLER 


The 82188 Integrated Bus Controller (IBC) gener- 
ates system control and command signals. The sig- 
nals generated are determined by the Status Decod- 
ing Logic. The bus controller logic interprets status 
lines SO—S2 to determine what type of bus cycle is 
taking place. The appropriate signals are then gen- 
erated by the Command and Control Signal Genera- 
tors. 


The Address Enable (AEN) line allows the command 
and control signals to be disabled. When AEN is in- 
active (HIGH), the command signals and DEN will be 
tri-stated, and ALE will be held low (DT/R will be 
uneffected). AEN inactive will allow other systems to 
take control of the bus. Control and command sig- 
nals respond to a change in the AEN signal within 40 
ns. 


The command signals consist of RD and WR. The 
82188’s RD and WR signals are similiar to RD and 
WR of the 80186(80188) in the non-Queue-Status 
Mode. These command signals do not differentiate 
between memory and !/O devices. RD and WR can 
be conditioned by S2 of the 80186(80188) to obtain 
separate signals for |/O and memory devices. 


The control commands consist of Data Enable 
(DEN), Data Transmit/Receive (DT/R), and Address 
Latch Enable (ALE). The control commands are sim- 
iliar to those generated by the 80186(80188). DEN 
determines when the external bus should be en- 
abled onto the local bus. DT/R determines the di- 
rection of the data transfer, and ALE determines 
when the address should be strobed into the latches 
(used for demultiplexing the address bus). 


MODE SELECT 


The 82188 Integrated Bus Controller (IBC) is config- 
urable. The device has two modes: 80186 Mode and 
8086 Mode. Selecting the mode of the device con- 
figures the Bus Arbitration Logic (see BUS ARBI- 
TRATION section for details). In 80186 Mode, the 
82188 IBC may be used as a bus controller/inter- 
face device for an 80186(81088), 8087, and optional 
third processor system. In 8086 Mode, the 82188 


_IBC may be used as an interface device allowing a 


maximum mode 8086(8088) to interface with a co- | 
processor that uses a HOLD-HLDA bus exchange 
protocol. 


The mode of the 82188 is determined during RE- 
SET. If the HLDA line is LOW at the falling edge of 
RESET (as in the case when tied to the HLDA line of 
the 80186 or 80188), the 82188 will enter into 80186 
Mode. If the HLDA line is HIGH at the falling edge of 
RESET, the 82188 will enter 8086 Mode. In 8086 
Mode, only the Bus Arbitration Logic is used. The 
eight pins used in 8086 Mode are: SYSHOLD, 
SYSHLDA, HLDA, CLK, RESET, RQ/GT1, Voc, and 
Vss. The other pins may be left unconnected. 


BUS ARBITRATION 


The Bus Exchange Logic interfaces up to three sets 
of bus exchange signals: 


e HOLD-HLDA 
@ SYSHOLD-SYSHLDA 
e RQ/GTO (RQ/GT1) 


This logic executes translating, routing, and arbitrat- 
ing functions. The logic translates HOLD-HLDA sig- 
nals to RQ/GT signals and RQ/GT signals to 
HOLD-HLDA signals. The logic also determines 
which set of bus exchange signals are to be inter- 
faced. The mode of the 82188 and the priority of the 
devices requesting the bus determine the routing of 
the bus exchange signals. 
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80186 MODE 


In 80186 Mode, a system may have three potential 


bus masters: the 80186 or 80188 CPU, the 8087 - 


Numerics Coprocessor, and a third processor (such 
as the 82586 LAN or 82730 Text Coprocessor). The 
third processor may have either a HOLD-HLDA or 
RQ/GT bus exchange protocol. The possible bus 
exchange signal connections and paths for 80186 
Mode are shown in Figures 3 & 4 and Tables 1 & 2, 
respectively. If no HOLD-HLDA type third processor 
is used, SYSHOLD should be tied LOW to prevent 
an erroneous SYSHOLD signal. In 80186 mode, the 
bus priorities are: . 


PHOSPHO. os cs cy + wh ce Pasne Third Processor 
Becond HighSst PrOMMY . « csecusge is. s ae ee her 8087 
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— THREE-PROCESSOR SYSTEM OPERATION 
(HOLD-HLDA TYPE THIRD PROCESSOR) 


In the configuration shown in Figure 3, the third proc- 
essor requests the bus by sending SYSHOLD HIGH. 
The 82188 will route (and translate if necessary) the 
request to the current bus master. This includes 


routing the request to HOLD if the 80186(80188) is 


the current bus master or routing and translating the 
request to RQ/GT1 if the 8087 is in control of the 
bus. The third processor’s request is not passed 
through the 8087 if the 80186 is the bus master (see 
Table 1). 


The 8087 requests the bus using RQ/GTO. The re- 
quest pulse from the 8087 will be translated and 
routed to HOLD if the 80186 is the bus master. If the 
third processor has control of the bus, the grant 
pulse to the 8087 will be delayed until the third proc- 
essor relinquishes the bus (sending SYSHOLD 
LOW). In this case, HOLD will remain HIGH during 
the third processor-to-8087 bus control transfer. The 
80186 will not be granted the bus until both coproc- 
essors have released it. 


Table 1. Bus Exchange Paths (80186 Mode) (HOLD-HLDA Type 3rd Proc) 


Requesting 
Device 


SYSHOLD HOLD 
epepeaincesemge<\ peraninlly tlacatnennse 


Ho ce SYSHLDA. HLDA 


Current Bus Master 


SYSHOLD 
SYSHLDA 


RQ/GTO 


RQ/GT1 
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. Figure 3. 
Bus Exchange Signal Connections (80186 Mode) for a Three Local Processor System 
(HOLD-HLDA Type 3rd Proc) 
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Table 2. Bus Exchange Paths (80186 Mode) (RQ/GT Type 3rd Proc) 


Requesting 
Device 


80186 


8087 RQ/ 


RQ/GT1 


231051-4 


Figure 4. 
Bus Exchange Signal Connections (801 86 Mode) for a Three Local Processor System 
(RQ/GT Type 3rd Proc) 


When the bus is requested from the 80186(80188), 
a bus priority decision is made. This decision is 
made when the HLDA line goes active. Upon receipt 
of the HLDA signal, the highest-priority requesting 
device will be acknowledged the bus. For example, if 
the 8087 initially requested the bus, the bus will be 
granted to the third processor if SYSHOLD became 
active before HLDA was received by the 82188. In 
this case, the grant pulse to the 8087 will be delayed 
until the third processor relinquishes the bus. 


— THREE-PROCESSOR SYSTEM OPERATION 
(RQ/GT TYPE THIRD PROCESSOR) 


In the configuration shown in Figure 4, the third proc- 
essor requests the bus by initiating a request/grant 
sequence with the 8087’s RQ/GT1 line. The 8087 
will grant the bus if it is the current bus master or will 
pass the request on if the 80186 is the current bus 
master (see Table 2). In this configuration, the 
82188’s Bus Arbitration Logic translates RQ/GTO to 
HOLD-HLDA. The 8087 provides the bus arbitration 
in this configuration. 


8086 MODE 


The 8086 Mode allows an 8086, 8088 system to 
contain both RQ/GT and HOLD-HLDA type coproc- 
essors simultaneously. In 8086 Mode, two possible 
bus masters may be interfaced by the 82188; an 
8086 or 8088 CPU and a coprocessor which uses a 
HOLD-HLDA bus exchange protocol (typically an 
82586 LAN Coprocessor or an 82730 Text Coproc- 
essor). The bus exchange signal connections for 
8086 Mode are shown in Figure 5. Bus arbitration 
signals used in the 8086 Mode are: 


e RQ/GT1 
e SYSHOLD 
e SYSHLDA 


In 8086 Mode, no arbitration is necessary since only 
two devices are interfaced. The coprocessor has 
bus priority over the 8086(8088). SYSHOLD- 
SYSHLDA are routed and translated directly to RQ/ 
GT1. RQ/GT1 of the 82188 may be tied to either 
RQ/GTO or RQ/GT1 of the 8086(8088). 
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Figure 5. Bus Exchange Signal Connections (8086 Mode) 


QUEUE-STATUS DELAY 


The Queue-Status Delay logic is used to delay the 
queue-status signals from the 80186(80188) to meet 
8087 queue-status timing requirements. QSOI, QS11 
correspond to the queue-status lines of the 
80186(80188). The 82188 delays these signals by 
one clock phase. The delayed signals are interfaced 
to the 8087 queue-status lines by QSOO, QS10. 


CHIP-SELECT 


The Chip-Select Logic allows the utilization of the 
chip select circuitry of the 80186(80188). Normally, 
this circuitry could not be used in an 80186(80188)- 
8087 system since the 8087 contains no chip select 
circuitry. The Chip-Select Logic contains two exter- 
nal connections: Chip-Select Input (CSIN) and Chip- 
Select Output (CSOUT). CSOUT is active when ei- 
ther CSIN is active or when the 8087 has control of 
the bus. 


By using CSOUT to select memory containing data 
structures, no external decoding is necessary. The 
80186 may gain access to this memory bank 


through the CSIN line while the 8087 will automati- - 


cally obtain access when it becomes the bus mas- 
ter. Note that this configuration limits the amount of 
memory accessible by the 8087 to the physical 
memory bank selected by CSOUT. Systems where 
the 8087 must access the full 1 Megabyte address 
space must use an external decoding scheme. 


READY | 


The Ready logic allows two types of Ready signals: 
a Synchronous Ready Signal (SRDY) and an Asyn- 
chronous Ready Signal (ARDY). These signals are 
similiar to SRDY and ARDY of the 80186. Wait 
states will be inserted when both SRDY and ARDY 
are LOW. Inserting wait states allows slower memo- 
ry and |I/O devices to be interfaced to the 
80186(80188)-8087 system. 


ARDY’s LOW-to-HIGH transition is synchronized to 
the CPU clock by the 82188. The 82188 samples 
ARDY at the beginning of T2, T3 and Tw until sam- 
pled HIGH. Note that ARDY of the 82188 is sampled 
one phase earlier than ARDY of the 80186. ARDY’s 
falling edge must be synchronous to the CPU clock. 
ARDY allows an easy interface with devices that 
emit an asynchronous ready signal. 


The SRDY signal allows direct interface to devices 
that emit a synchronized ready signal. SRDY must 
be synchronized to the CPU clock for both of its 
transitions. SRDY is sampled in the middle of T2, T3 
and in the middle’ of each Tw. An 82188- 
80186(80188)’s SRDY setup time is 30 ns longer 
than the 80186(80188)’s SRDY setup time. SRDY 
eliminates the half-clock cycle penalty necessary for 
ARDY to be internally sychronized. 


The sychronized ready output (SRO) is the accumu- 
lation of SRDY, ARDY, and the internal wait-state 
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generator. SRO should be connected to SRDY of 
the 80186(80188) (with 80186(80188)’s ARDY tied 
LOW), and READY of the 8087. 


|SRDY | ARDY | SRO 


0 0 0 
1 X 1 
X 1 1 


The internal wait state generator allows for synchro- 
nization between the 80186(80188) and 8087 in 
80186 mode. Upon RESET, the 82188 automatically 
inserts 3 wait-states per 80186(80188) bus cycle, 
overlapped with any externally produced wait-states 
created by ARDY and SRDY. 


Since the 8087 has no provision for internal wait- 
state generation, only externally created wait states 
will be effective. The 82188, upon RESET, will inject 
3 wait states for each of the first 256 80186(80188) 
bus cycles onto the SRO line. This will allow the 
8087 to match the 80186(80188)’s timing. 


The internally-generated wait states are overlapped 
with those produced by the SRDY and ARDY lines. 
Overlapping the injected wait states insures a mini- 
mum of three wait states for the first 256 
80186(80188) bus cycles after RESET. Systems 
with a greater number of wait states will not be ef- 
fected. Internal wait state generation by the 82188 
will stop on the 256th 80186(80188) bus cycle after 
RESET. To maintain sychronization between the 
80186(80188) and 8087, the following conditions 
are necessary: 
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e The 80186(80188)’s control block must be 
mapped in I/O space before it is written to or 
read from. 


e All memory chip-select lines must be set to 0 
WAIT STATES, EXTERNAL READY ALSO USED 
within the first 256 80186(80188) bus cycles after 
RESET. 


An equivalent READY logic diagram is shown in 
Figure 6. 


SYSTEM CONSIDERATIONS 


In any 82188 configuration, clock compatibility must 
be considered. Depending on the device, a 50% ora 
33% duty-cycle clock is needed. For example, the 
80186 and 80188 (as well as the 82188, 82586, and 
82730) requires a 50% duty-cycle clock. The 8086, 
8088 and their ‘kit’ devices’ (8087, 8089, 8288, and 
8289) clock requirements, on the other hand, require 
a 33% duty-cycle clock signal. The system designer 
must make sure clock requirements of all the devic- 
es in the system are met. 


Figure 7 demonstrates the usage of the 82188 in 
80186 Mode where it is used to interface an 8087 
into an 80186 system. , 


Status bit six (S6) from the main processor (8086, 
8088, 80186, or 80188) is used by the 8087 to track 
the instruction flow. S6 is multiplexed with address 
bit 19 (A19). If the third processor generates only 16 
bits of address, S6 is not generated. A19/S6 must 
be driven high by external circuitry during the status 
portion of bus cycles controlled by the third proces- 
sor. 


SYNCHRONIZER 


i 3-WAIT 
STATE GEN 


256 COUNTER 
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Figure 6. Equivalent 82188 READY Circuit 
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ABSOLUTE MAXIMUM RATINGS * | *Notice: Stresses above those listed under “Abso- 

lute Maximum Ratings” may cause permanent dam- 

Temperature Under Bias .............. 0°C to 70°C age to the device. This is a stress rating only and 

Storage Temperature............. —65°C to 150°C —- functional operation of the device at these or any 

Case Temperature ................. 0°C to + 85°C om wid condition $ ab ie ih ire une cated si ih by sohgrlig 

cection tional sections of this specification is not implied. Ex- 

Voltage on any Pin with posure to absolute maximum rating conditions for 

Respect eat tea —1.0V to 7.0V extended periods may affect device reliability. 

Power DiSSibGtOn sso dive wees vives 0.7 Watts 


NOTICE: Specifications contained within the 
following tables are subject to change. 


DC CHARACTERISTICS ' 
(Voc = BV + 10%, Ta = 0°C to 70°C, Toase = 0°C to + 85°C) 


| Symbol_| Parameter | Min. | Max___|_ Units | __—TestCond. 
vip ST tnput Lew Voltage [05 | rae | vote 
| Viv | InputHighVottage | 20 | Voc +05 | volts | 
| Vor | OutputLow Voltage | | 045 | volts | tn = 2mA 
| Vou | OutputHigh Voltage | 24 | volts, | lon = = 400 nA 
| loc | PowerSupplyCurrent | | 00, | mA | TA 25°C 
| hi | Input Leakage Current | | #10 | mA | OV<Vin<Voo 
| ho | OutputLeakage Curent | | #10 | A | 0.45<Vour<Voo _ 
| Vou | CLK inputLowVoltage | -05 | +06 | volts | 
| Vou | ClKinputHigh Voltage | 39 | Voct+10 | volts | 

Cin Inne Capactianios sy ale ool 
Sling, TS ee armrotnor jg pee Bes eae le 


AC CHARACTERISTICS 
(Vcc = 5V + 10%, Ta = O0°C to 70°C, Tcase = O°C to +85°C) 


TIMING REQUIREMENTS 


| Symbol | Parameter | Min’ | Max | Units | Notes _ 
ee 


ae 
| TARYLCH | ARDY InactiveSetupTime | 85 
| TSRYHCL | SRDYInputSetupTime | 65.50 
| TSVCH | STATUSActiveSetupTime | 85 
i ta: Se 

ere es 


15 
| THAVGV | HLDASetupTime || OC 
| TSHVCL__| SYSHOLD Asynchronous Setup Time | 25 
RQ/GT Input Setup Time Rae ES 
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TIMING RESPONSES 


TSVLH 
TCHLL 
TCLML 
TCLMH 
TSVDTV 


TCLDTV 
TCHDNV 
TCHDNX 
TCLQOV 
TCHHV 
TCLSAV 
| TGVHV | AG/GTOTOHOLDDelay | 
PTeLHH: =| SGA Mere Delay eo ee 
| TAELCV | CommandEnableDelay | 
| TAEHCX | CommandDisableDelay |_| 40 
| TCHRO | SROOutputDelay | 
| TSRYHRO | SRDYToSRODelay | 
| Tesicso_| CSINToCSOUTDelay | 


NOTES (applicable to both spec listing and timing diagrams): 


1. TSRYHOL = (80186’s) TSRYCL + 30 ns=65 ns for 6 MHz operation and 50 ns for 8 MHz operation. 
Timing not tested. 

DT/R will be asserted to the latest of TSVDTV & TCLDTV. 

ALE will be asserted to the latest of TSVLH & TCLLH. 

SRO will be asserted to the latest of TCHRO & TSRYHRO. 

CL = 20-100 pF 

Address/Data bus shown for reference only. 

The falling edge of ARDY must be synchronized to CLK. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 
INPUT/OUTPUT 


; : DEVICE 
_ UNDER 
: <— TEST POINTS ——> . TEST 
0.45 
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A.C. Testing: Inputs are driven at 2.4V for a Logic ‘1’ and 0.45V 
for a Logic ‘0’. C, includes Jig Capacitance 
C, = 20-200 pF unless otherwise noted 
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Command and Control Waveforms-80186 Mode 
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READY Timing-80186 Mode 
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SYSHOLD-SYSHLDA to RQ/GT1 Timing-80186 Mode and 8086 Mode 
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RQ/GT0 to HOLD-HLDA Timing-80186 Mode 


TQIVCL 


TCLQOV 


TAELCV TAEHCX 


RD,WR 
DT/R, DEN 


CSIN 


TCSICSO 


Queue Status, ALE, Chip Select Delay Timing-—80186 Mode 
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1.0 INTRODUCTION 


As state of the art technology has increased the number 
of transistors possible on a single integrated circuit, 
these devices have attained new, higher levels of both 
performance and functionality. Riding this crest are the 
Intel 80186 and 80286 microprocessors. While the 
80286 has added memory protection and management 
to the basic 8086 architecture, the 80186 has integrated 
six separate functional blocks into a single device. 


The purpose of this note is to explain, through example, 
the use of the 80186 with various peripheral and memo- 
ry devices. Because the 80186 integrates a DMA unit, 
timer unit, interrupt controller unit, bus controller unit 
and chip select and ready generation unit with the CPU 


INT3/INTA1 


CLKOUT Vcc GND 


PROGRAMMABLE 
INTERRUPT 
CONTROLLER 


REGISTERS 


16-BiIT 
SEGMENT 
REGISTERS 


BUS INTERFACE 
UNIT 


CONTROL 
REGISTERS 


on a single chip (see Figure 1), system construction is 
simplified since many of the peripheral interfaces are 
integrated onto the device. 


The 80186 family actually consists of two processors: 
the 80186 and 80188. The only difference between the 
two processors is that the 80186 maintains a 16-bit ex- 
ternal data bus while the 80188 has an 8-bit external 
data bus. Internally, they both implement the same 
processor with the same integrated peripheral compo- 
nents. Thus, except where noted, all 80186 information 
in this note also applies to the 80188. The implications 
of having an 8-bit external data bus on the 80188 are 
explicitly noted in Appendix I. Any parametric values 
indicated in this note are taken from 80186 data sheet 
and refer to 8 MHz devices. Different values apply to 
10 MHz devices. 
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Figure 1. 80186 Block Diagram 


22-242 


il da pale Ae abi eho eat a 
tev Sean 


Ap | 


BT rn eke eee 
oh ‘ yy t _— ~ ~ pe Py oF rs xo v . y 
ti EAS a3 Nase ee ae seas 


4 oo 
Eo ft tot cat Saece Se 
: Nod 


ee Pee AL Sees GN PON. ere an oe 
fe ace ta Pam eth ga NE Be Shs ie 
Ser “<2"- . he Lies 
eo ee 
t. reg rs 


AP-186 


2.0 OVERVIEW OF THE 80186 


2.1 The CPU 


The 80186 CPU shares a common base architecture 
with the 8086, 8088 and 80286. It is completely object 
code compatible with the 8086/88. This architecture 
features four 16-bit general purpose registers (AX, BX, 
CX, DX) which may be used as operands in most arith- 
metic operations in either 8 or 16 bit units. It also fea- 
tures four 16-bit “pointer” registers (SI, DI, BP, SP) 
which may be used both in arithmetic operations and in 
accessing memory based variables. Four 16-bit segment 
registers (CS, DS, SS, ES) are provided allowing simple 
memory partitioning to aid construction of modular 
programs. Finally, it has a 16-bit instruction pointer 
and a 16-bit status register. 


Physical memory addresses are generated by the 80186 
identically to the 8086. The 16-bit segment value is left 
shifted 4 bits and then is added to an offset value which 
is derived from combinations of the pointer registers, 
the instruction pointer, and immediate values (see Fig- 
ure 2). Any carry out of this addition is ignored. The 
result of this addition is a 20-bit physical address which 
is presented to the system memory. 


The 80186 has a 16-bit ALU which performs 8 or 16- 
bit arithmetic and logical operations. It provides for 
data movement among registers, memory and I/O 
space. In addition, the CPU allows for high speed data 
transfer from one area of memory to another using 
string move instructions, and to or from an I/O port 
and memory using block I/O instructions. Finally, the 
CPU provides a wealth of conditional branch and other 
control instructions. 


In the 80186, as in the 8086, instruction fetching and 
instruction execution are performed by separate units: 
the bus interface unit and the execution unit, respec- 
tively. The 80186 also has a 6-byte prefetch queue as 
does the 8086. The 80188 has a 4-byte prefetch queue 
as does the 8088. As a program is excecuting, opcodes 
are fetched from memory by the bus interface unit and 
placed in this queue. Whenever the execution unit re- 
quires another instruction, it takes it out of the queue. 
Effective processor throughput is increased by adding 
this queue, since the bus interface unit may continue to 
fetch instructions while the execution unit executes a 
long instruction. Then, when the CPU completes this 
instruction, it does not have to wait for another instruc- 
tion to be fetched from memory. 


2.2 80186 CPU Enhancements 


Although the 80186 is completely object code compati- 
ble with the 8086, most of the 8086 instructions require 
fewer clock cycles to execute on the 80186 than on the 
8086 because of hardware enhancements in the bus in- 
terface unit and the execution unit. In addition, the 
80186 provides many new instructions which simplify 
assembly language programming, enhance the perform- 
ance of high level language implementations, and re- 
duce object code sizes for the 80186. A complete de- 
scription of the architecture and instruction execution 
of the 80186 can be found in volume I of the 


-8086/80186 Users Manual. The algorithm for the new 


instructions are also given in appendix H of this note. 


2.3 DMA Unit 


The 80186 includes a DMA unit which provides two 
high speed DMA channels. This DMA unit will per- 
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Figure 2. Physical Address Generation in the 80186 
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form transfers to or from any combination of I/O space 
and memory space in either byte or word units. Every 
DMaA cycle requires two to four bus cycles, one or two 
to fetch the data to an internal register, and one or two 
to deposit the data. This allows word data to be located 
on odd boundaries, or byte data to be moved from odd 
locations to even locations. This is normally difficult, 
since odd data bytes are transferred on the upper 8 data 
bits of the 16-bit data bus, while even data bytes are 
transferred on the lower 8 data bits of the data bus. 


Each DMA channel maintains independent 20-bit 
source and destination pointers which are used to ac- 
cess the source and destination of the data transferred. 
Each of these pointers may independently address ei- 
ther I/O or memory space. After each DMA cycle, the 
pointers may be independently incremented, decre- 
mented, or maintained constant.. Each DMA channel 
also maintains a transfer count which may be used to 
terminate a series of DMA transfers after a pre-pro- 
grammed number of transfers. 


2.4 Timers 


The 80186 includes a timer unit which contains 3 inde- 
pendent 16-bit timer/counters. Two of these timers can 
be used to count external events, to provide waveforms 
derived from either the CPU clock or an external clock 
of any duty cycle, or to interrupt the CPU after a speci- 
fied number of timer “events”. The third timer counts 
only CPU clocks and can be used to interrupt the CPU 
after a programmable number of CPU clocks, to give a 
count pulse to either or both of the other two timers 
after a programmable number of CPU clocks, or to give 
a DMA request pulse to the integrated DMA unit after 
a programmable number of CPU clocks. 


2.5 Interrupt Controller 


The 80186 includes an interrupt controller. This con- 
troller arbitrates interrupt requests between all internal 
and external sources. It can be directly cascaded as the 
master to two external 8259A interrupt controllers. In 
addition, it can be configured as a slave controller. 


2.6 Clock Generator 


The 80186 includes a clock generator and crystal oscil- 
lator. The crystal oscillator can be used with a parallel 
resonant, fundamental mode crystal at 2X the desired 
CPU clock speed (i.e., 16 MHz for an 8 MHz 80186), 
or with an external oscillator also at 2X the CPU clock. 
The output of the oscillator is internally divided by two 
to provide the 50% duty cycle CPU clock from which 
all 80186 system timing derives. The CPU clock is ex- 
ternally available, and all timing parameters are refer- 
enced to this externally available signal. The clock 


generator also provides ready synchronization for the 
processor. 


2.7 Chip Select and Ready Generation 
Unit 


The 80186 includes integrated chip select logic which 
can be used to enable memory or peripheral devices. Six 
output lines are used for memory addressing and seven 
output lines are used for peripheral addressing. 


The memory chip select lines are split into 3 groups for 
separately addressing the major memory areas in a typi- 
cal 80186 system: upper memory for reset ROM, lower 
memory for interrupt vectors, and mid-range memory 
for program memory. The size of each of these regions 
is user programmable. The starting location and ending 
location of lower memory and upper memory are fixed 
at OOOOOH and FFFFFH respectively; the starting loca- 
tion of the mid-range memory is user programmable. 


Each of the seven peripheral select lines address one of 
seven contiguous 128 byte blocks above a programma- 
ble base address. This base address can be located in 
either memory or I/O space in order that peripheral 
devices may be I/O or memory mapped. 


Each of the programmed chip select areas has associat- 
ed with it a set of programmable ready bits. These 
ready bits control an integrated wait state generator. 
This allows a programmable number of wait states (0 to 
3) to be automatically inserted whenever an access is 
made to the area of memory associated with the chip 
select area. In addition, each set of ready bits includes a 
bit which determines whether the external ready signals 
(ARDY and SRDY) will be used, or whether they will 
be ignored (i.e., the bus cycle will terminate even 
though a ready has not been returned on the external 
pins). There are 5 total sets of ready bits which allow 
independent ready generation for each of upper memo- 
ry, lower memory, mid-range memory, peripheral de- 
vices 0-3 and peripheral devices 4-6. 


2.8 Integrated Peripheral Accessing 


The integrated peripheral and chip select circuitry is 
controlled by sets of 16-bit registers accessed using 
standard input, output, or memory access instructions. 
These peripheral control registers are all located within 
a 256 byte block which can be placed in either memory 
or I/O space. Because they are accessed exactly as if 
they were external devices, no new instruction types are 
required to access and control the integrated peripher- 
als. For more information concerning the interfacing 
and accessing of the integrated 80186 peripherals not 
included in this note, please consult the 80186 data 
sheet, or the 8086/80186 User’s Manual Hardware Ref- 
erence. 
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3.0 USING THE 80186 


3.1 Bus Interfacing to the 80186 


3.1.1 OVERVIEW 


The 80186 bus structure is very similar to the 8086 bus 
structure. It includes a multiplexed address/data bus, 
along with various control and status lines (see Table 
1). Each bus cycle requires a minimum of 4 CPU clock 
cycles along with any number of wait states required to 
accommodate the speed access limitations of external 
memory or peripheral devices. The bus cycles initiated 
by the 80186 CPU are identical to the bus cycles intiti- 
ated by the 80186 integrated DMA unit. 


Each clock cycle of the 80186 bus cycle is called a “T” 
state, and are numbered sequentially T;, T2, T3, Tw 
and T4. Additional idle T states (Tj) can occur between 
T4 and T; when the processor requires no bus activity 
(instruction fetches, memory writes, I/O reads, etc.). 
The ready signals control the number of wait states 
(tw) inserted in each bus cycle. The maximum number 
of wait states is unbounded. 
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Figure 3. T-state in the 80186 


The beginning of a T state is signaled by a high to low 
transition of the CPU clock. Each T state is divided 
into two phases, phase 1 (or the low phase) and phase 2 
(or the high phase) which occur during the low and 
high levels of the CPU clock respectively (see Figure 3). 


Different types of bus activity occur for all of the 
T-states (see Figure 4). Address generation information 
occurs during T;, data generation during T2, T3,. Tw 
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Figure 4. Example Bus Cycle of the 80186 


Table 1. 80186 Bus Signals 
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and T4. The beginning of a bus cycle is signaled by the 
status lines of the processor going from a passive state 
(all high) to an active state in the middle of the T-state 
immediately before T; (either a T4 or a Tj). Because 
information concerning an impending bus cycle occurs 
during the T-state immediately before the first T-state 
of the cycle itself, two different types of T4 and Tj can 
be generated: one where the T state is immediately fol- 
lowed by a bus cycle, and one where the T state is 
immediately followed by an idle T state. 


During the first type of T4 or Tj, status information 
concerning the impending bus cycle is generated for the 
bus cycle immediately to follow. This information will 
be available no later than tcysy (55 ns) after the low- 
to-high transition of the 80186 clock in the middle of 
the T state. During the second type of T4 or -T; the 
status outputs remain inactive (high), since no bus cycle 
is to be started. This means that the decision per the 
nature of a T4 or Tj state (i.e., whether it is immediately 
followed by a Tj or a T;) is decided at the beginning of 
the T-state immediately preceding the T, or Tj; (see Fig- 
ure 5). This has consequences for the bus latency time 
(see section 3.3.2 on bus latency). 


3.1.2. PHYSICAL ADDRESS GENERATION 


Physical addresses are generated by the 80186 during 
T, of a bus cycle. Since the address and data lines are 
multiplexed on the same set of pins, addresses must be 
latched during Tj if they are required to remain stable 
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for the duration of the bus cycle. To facilitate latching 
of the physical address, the 80186 generates an active 
high ALE (Address Latch Enable) signal which can be 
directly connected to a transparent latch’s strobe input. 


Figure 6 illustrates the physical address generation pa- 
rameters of the 80186. Addresses are guaranteed valid 
no greater than tcy ay (55 ns) after the beginning of T;, 
and remain valid at least tc, ax (10 ns) after the end of 
T,. The ALE signal is driven high in the middle of the 
T state (either T4 or Tj) immediately preceding T; and 
is driven low in the middle of T;, no sooner than 
tavLL (30 ns) after addresses become valid. This pa- 
rameter (tavLL) is required to satisfy the address latch 
set-up times of address valid until strobe inactive. Ad- 
dresses remain stable on the address/data bus at least 
ttLAx (30 ns) after ALE goes inactive to satisfy ad- 
dress latch hold times of strobe inactive to address in- 
valid. 


Because ALE goes high long before addresses become 
valid, the delay through the address latches will be 
chiefly the propagation delay through the latch rather 
than the delay from the latch strobe, which is typically 
longer than the propagation delay. For the Intel 8282 
latch, this parameter is tryoy, the input valid to output 
valid delay when strobe is held active (high). Note that 
the 80186 drives ALE high one full clock phase earlier 
than the 8086 or the 8288 bus controller, and keeps it 
high throughout the 8086 or 8288 ALE high time (i.e., 
the 80186 ALE pulse is wider). 


| T, T, 
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Figure 5. Active-Inactive Status Transitions in the 80186 
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NOTES: 

1. tcHLH: Clock high to ALE high = 35 ns max 

2. tcLav: Clock low to address valid = 55 ns max 
3. tcHLL: Clock high to ALE low = 35 ns max 


ee Sy bie 


210973-6 


4. tcLax: Clock low to address invalid (address hold from clock low) = 10 ns min 
5. tuLax: ALE low to address invalid (address hold from ALE) = 30 ns min 
6. tav_L: Address valid to ALE low (address setup to ALE) = 30 ns min 


Figure 6. Address Generation Timing of the 80186 


A typical circuit for latching physical addresses is 
shown in Figure 7. This circuit uses 3 8282 transparent 
octal non-inverting latches to demultiplex all 20 ad- 
dress bits provided by the 81086. Typically, the upper 4 
address bits are used only to select among various 
memory components or subsystems, so when the inte- 


186 SIGNALS 
A16- 


grated chip selects (see section 8) are used, these upper 
bits need not be latched. The worst case address genera- 
tion time from the beginning of T; (including address 
latch propagation time (tryoy) of the Intel 8282) for 
the circuit is: 


tcLav (44 ns) + tiyoy (30 ns) = 74 ns 
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Figure 7. Demultiplexing the Address Bus of the 80186 
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Many memory or peripheral devices may not require 
addresses to remain stable throughout a data transfer. 
If a system is constructed wholly with these types of 
devices, addresses need not be latched. In addition, two 
of the peripheral chip select outputs of the 80186 may 
be configured to provide latched Al and A2 outputs for 
peripheral register selects in a system which does not 
demultiplex the address/data bus. 


One more signal is generated by the 80186 to address 
memory: BHE (Bus High Enable). This signal, along 
with AO, is used to enable byte devices connected to 
either or both halves (bytes) of the 16-bit data bus (see 
section 3.1.3 on data bus operation section). Because 
AO is used only to enable devices onto the lower half of 
the data bus, memory chip address inputs are usually 
driven by address bits Al1-A19, NOT AO-A19. This 
provides 512K unique word addresses, or 1M unique 
BYTE addresses. 


Of course, BHE is not present on the 8 bit 80188. All 
data transfers occur on the 8 bits of the data bus. 


3.1.3 80186 DATA BUS OPERATION 


Throughout T2, T3, Tw and Ty of a bus cycle the mul- 
tiplexed address/data bus becomes a 16-bit data bus. 
Data transfers on this bus may be either in bytes or in 
words. All memory is byte addressable, that is, the up- 
per and lower byte of a 16-bit word each have a unique 
byte address by which they may be individually ac- 
cessed, even though they share a common word address 
(see Figure 8). 


All bytes with even addresses (AO = 0) reside on the 
lower 8 bits of the data bus, while all bytes with odd 
addresses (AO = 1) reside on the upper 8 bits of the 
data bus. Whenever an access is made to only the even 
byte, AO is driven low, BHE is driven high, and the 
data transfer occurs on DO-D7 of the data bus. When- 
ever an access is made to only the odd byte, BHE is 
driven low, AO is driven high, and the data transfer 
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occurs on D8-D15 of the data bus. Finally, if a word 
access is performed to an even address, both AO and 


BHE are driven low and the data transfer occurs on 


DO-D15. 


Word accesses are made to the addressed byte and to 
the next higher numbered byte. If a word access is per- 
formed to an odd address, two byte accesses must be 
performed, the first to access the odd byte at the first 


‘word address on D8-—D15, the second to access the 


even byte at the next sequential word address on DO- 
D7. For example, in Figure 8, byte 0 and byte 1 can be 
individually accessed (read or written) in two separate 
bus cycles (byte accesses) to byte addresses 0 and | at 
word address 0. They may also be accessed together in 
a single bus cycle (word access) to word address 0. 
However, if a word access is made to address 1, two bus 
cycles will be required, the first to access byte 1 at word 
address 0 (note byte 0 will not be accessed), and the 
second to access byte 2 at word address 2 (note byte 3 
will not be accessed). This is why all word data should 
be located at even addresses to maximize processor per- 
formance. 


When byte reads are made, the data returned on the 
half of the data bus not being accessed is ignored. When 
byte writes are made, the data driven on the half of the 
data bus not being written is indeterminate. — 


3.1.4 80188 DATA BUS OPERATION 


Because the 80188 externally has only an 8-bit data bus, 
the above discussion about upper and lower bytes of the 
data bus does not apply to the 80188. No performance 
improvement will occur if word data is placed on even 


boundaries in memory space. All word accesses require 


two bus cycles, the first to access to lower byte of the 
word; the second to access the upper byte of the word. 


Any 80188 access to the integrated peripherals must be 
done 16 bits at a time: thus in this special case, a word 
access will occur in a single bus cycle in the 80188. The 
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Figure 8. Physical Memory Byte/Word Addressing in the 80186 
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external data bus will record only a single byte being 
transferred, however. 


3.1.5 GENERAL DATA BUS OPERATION 


Because of the bus drive capabilities of the 80186 (200 
pF, sinking 2 mA, sourcing 400 wA, roughly twice that 
of the 8086), this bus may not require additional buffer- 
ing in many small systems. If data buffers are not used 
in the system, care should be taken not to allow bus 
contention between the 80186 and the devices directly 
connected to the 80186 data bus. Since the 80186 floats 
the address/data bus before activating any command 
lines, the only requirement on a directly connected de- 
vice is that it floats its output drivers after a read 
BEFORE the 80186 beings to drive address information 
for the next bus cycle. The parameter of interest here is 
the minimum time from RD inactive until addresses 
active for the next bus cycle (tpyav) which has a mini- 
mum value of 85 ns. If the memory or peripheral device 
cannot disable its output drivers in this time, data buff- 
ers will be required to prevent both the 80186 and the 
peripheral or memory device from driving these lines 
concurrently. Note, this parameter is unaffected by the 
addition of wait states. Data buffers solve this problem 
because their output float times are typically much fast- 
er than the 80186 required minimum. 


If the buffers are required, the 80186 provides DEN 
(Data ENable) and DT/R (Data Transmit/Receive) 
signals to simplify buffer interfacing. The DEN and 
DT/R signals are activated during all bus cycles, 
whether or not the cycle addresses buffered devices. 


80186 SIGNALS 
AD8-D15 
DEN 
BUFFERED 
DEVICES 


The DEN signal is driven low whenever the processor 
is either ready to receive data (during a read) or when 
the processor is ready to send data (during a write) 
(that is, any time during an active bus cycle when ad- 
dress information is not being generated on the ad- 


dress/data pins). In most systems, the DEN signal 
should NOT be directly connected to the OE input of 
buffers, since unbuffered devices (or other buffers) may 
be directly connected to the processor’s address/data 
pins. If DEN were directly connected to several buffers, 
contention would occur during read cycles, as many 
devices attempt to drive the processor bus. Rather, it 
should be a factor (along with the chip selects for buff- 
ered devices) in generating the output enable input of a 
bi-directional buffer. 


The DT/R signal determines the direction of data 
propagation through the bi-directional bus buffers. It is 
high whenever data is being driven out from the proces- 
sor, and is low whenever data is being read into the 
processor. Unlike the DEN signal, it may be directly 
connected to bus buffers, since this signal does not usu- 
ally directly enable the output drivers of the buffer. An 
example data bus subsystem supporting both buffered 
and unbuffered devices is shown in Figure 9. Note that 
the A side of the 8286 buffer is connected to the 80186, 
the B side to the external device. The B side of the 
buffer has greater drive capacity than the A side (since 
it is meant to drive much greater loads). The DT/R 
signal can directly drive the T (transmit) signal of the 
buffer, since it has the correct polarity for this configu- 
ration. 


BUFFERED 
DATA 
BUS 


UNBUFFERED 
DATA 


BUS 
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Figure 9. Example 80186 Buffered/Unbuffered Data Bus 
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NOTES: 
1. tcLaz: Clock low until address float = 35 ns max 
2. tcLRL: Clock low until RD active = 70 ns max 

3. tazr_: Address float until RD active = 0 ns min 


6. tcLRH: Clock low until RD high = 10 ns min 
7. taHav: RD high until addresses valid = 85 ns min 


4. tpvc_: Data valid until clock low (data input set-up time) = 20 ns min* 
5. tc_px: Clock low unitl data invalid (data input hold time from clock) = 10 ns min* 


8. taHpx: Read high until data invalid (data input hold from RD) = 0 ns min* 
*Input requirements of 80186, all others are output characteristics 


ADDRESS 
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Figure 10. Read Cycie Timing of the 80186 


3.1.6 CONTROL SIGNALS 


The 80186 directly provides the control signals RD, 
WR, LOCK and TEST. In addition, the 80186 pro- 
vides the status signals SO-S2 and S6 from which all 
other required bus control signals can be generated. 


3.1.6.1 RD and WR 


The RD and WR signals strobe data to or from memo- 
ry or I/O space. The RD signal is driven low off the 
beginning of T>, and is driven high off the beginning of 
T4 during all memory and I/O reads (see Figure 10). 
RD will not become active until the 80186 has ceased 
driving address information on the address/data bus. 
Data is sampled into the processor at the beginning of 
T4. RD will not go inactive until the processor’s data 
hold time (10 ns) has been satisfied. 


LATCH 


Note that the 80186 does not provide separate I/O and 
memory RD signals. If separate I/O read and memory 
read signals are required, they can be synthesized using 
the S2 signal (which is low for all I/O operations and 
high for all memory operations) and the RD signal (see 
Figure 11). It should be noted that if this approach is 
used, the S2 signal will require latching, since the S2 
signal (like SO and S1) goes to a passive state well be- 
fore the beginning of T4 (where RD goes inactive). If $2 
was directly used for this purpose, the type of read 
command (I/O or memory) could change just before 
T4 as S2 goes to the passive state (high). The status 
signals may be latched using ALE in an identical fash- 
ion as is used to latch the address signals (often using 
the spare bits in the address latches). 


Often the lack of a separate I/O and memory RD sig- 
nal is not important in an 80186 system. Each of the 
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Figure 11. Generating I/O and Memory Read Signals from the 80186 
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80186 chip select signals will respond on only one of 
memory or I/O accesses (the memory chip selects re- 
spond only to accesses memory space; the peripheral 
chip selects can respond to accesses in either I/O or 
memory space, at programmer option). Thus, the chip 
select signal enables the external device only during ac- 
cesses to the proper address in the proper space. 


The WR signal is also driven low off the beginning of 
T2 and driven high off the beginning of T4 (see Figure 
12). Like the RD signal, the WR signal is active for all 
memory and I/O writes, and also like the RD signal, 
separate I/O and memory writes may be generated us- 
ing the latched S2 signal along with the WR signal. 
More importantly, however, is the active going edge of 
write. At the time WR makes its active (high to low) 
transition, valid write data is NOT present on the data 
bus. This has consequences when using this signal as a 
write enable signal for DRAMs and iRAMs since both 
of these devices require that the write data be stable on 
the data bus at the time of the inactive to active tran- 
sition of the WE signal. In DRAM applications, this 
problem is solved by a DRAM controller (such as the 
Intel 8207 or 8203), while with iRAMs this problem 
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CLKOUT 
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NOTES: 

1. tcLpv: Clock low until data valid = 44 ns max 

2. tcvctv: Clock low until WR active = 50 ns max 

3. tevctx: Clock low until WR inactive = 55 ns max 

4. tcLpox: Clock high until data invalid = 10 ns min 

5. twHpx: WR inactive until data invalid = tctc. — 40 
85 ns min 


may be solved by placing cross-coupled NAND gates 


between the CPU and the iRAMS on the WR line (see 
Figure 13). This will delay the active going edge of the 
WR signal to the iRAMs by a clock phase, allowing 
valid data to be driven onto the data bus. 


3.1.6.2 Queue Status Signals 


If the RD line is externally grounded during reset and 
remains grounded during processor operation, the 
80186 will enter “queue status” mode. When in this 
mode, the WR and ALE signals become queue status 
outputs, reflecting the status of the internal prefetch 
queue during each clock cycle. These signals are pro- 
vided to allow a processor extension (such as the Intel 
8087 floating point processor) to track execution of in- 
structions within the 80186. The interpretation of QSO 
(ALE) and QS1 (WR) are given in Table 2. These sig- 
nals change on the high-to-low clock transition, one 
clock phase earlier than on the 8086. Note that since 
execution unit operation is independent of bus interface 
unit operation, queue status lines may change in any T 
state. 
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Figure 12. Write Cycle Timing of the 80186 
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Figure 13. Synthesizing Delayed Write from the 80186 
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Table 2. 80186 Queue opus 


no operation 
first byte of instruction taken 


from queue 

queue was reinitialized 
subsequent byte of instruction 
taken from queue 


Since the ALE, RD, and WR signals are not directly 
available from the 80186 when it is configured in queue 
status mode, these signals must be derived from the 
status lines SO—S2 using an external 8288 bus controller 
(see below). To prevent the 80186 from accidentally 
entering queue status mode during reset, the RD line is 
internally provided with a weak pullup device. RD is 
the ONLY three-state or input pin on the 80186 which 
is supplied with a pullup or pulldown device. 


3.1.6.3 Status Lines 


The 80186 provides 3 status outputs which are used to 
indicate the type of bus cycle currently being executed. 
These signals go from an inactive state (all high) to one 
of seven possible active states during the T state imme- 
diately preceding T, of a bus cycle (see Figure 5). The 
possible status line encodings and their interpretations 
are given in Table 3. The status lines are driven to their 
inactive state in the T state (T3 or Tw) immediately 
preceding T4 of the current bus cycle. 


The status lines may be directly connected to an 8288 
bus controller, which can be used to provide local bus 
control signals or multi-bus control signals (see Figure 
14). Use of the 8288 bus controller does not preclude 
the use of the 80186 generated RD, WR and ALE sig- 
nals, however. The 80186 directly generated signals, 
may be used to provide local bus control signals, while 
an 8288 is used to provide multi-bus control signals, for 
example. 


BUS CONTROL 


SIGNALS 
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Figure 14. 80186/8288 Bus Controller 
interconnection 


interrupt acknowledge 
read I/O 

write |/O 

halt 

instruction fetch 

read memory 

write memory 

passive 


The 80186 provides two additional status signals: S6 
and S7. S7 is equivalent to BHE (see section 3.1.2) and 
appears on the same pin as BHE. BHE/S7 changes 
state at the beginning of the T, state in the bus cycle. 
BHE/S7 does not need to be latched, i.e., it may be 
used directly as the BHE signal. S6 provides informa- 
tion concerning the unit generating the bus cycle. It is 
time multiplexed with A19, and is available during T>, 
T3, T4 and Tw. In the 8086 family, all central proces- 
sors (e.g., the 8086, 8088 and 8087) drive this line low, 
while all I/O processors (e.g., 8089) drive this line high 
during their respective bus cycles. Following this 
scheme, the 80186 drives this line low whenever the bus 
cycle is generated by the 80186 CPU, but drives it high 
when the bus cycle is generated by the integrated 80186 
DMA unit. This allows external devices to distinguish 
between bus cycles fetching data for the CPU from 
those transfering data for the DMA unit. 


Three other status signals are available on the 8086 but 
not on the 80186. They are S3, 84, and S5. Taken to- 
gether, S3 and S4 indicate the segment register from 
which the current physical address drives. S5 indicates 
the state of the interrupt flip-flop. On the 80186, these 
signals will ALWAYS be low. 


3.1.6.4 TEST and LOCK 


Finally, the 80186 provides a TEST input and a LOCK 
output. The TEST input is used in conjunction with the 
processor WAIT instruction. It is typically driven by a 
processor extension (like the 8087) to indicate whether 
it is busy. Then, by executing the WAIT (or FWAIT) 
instruction, the central processor may be forced to tem- 
porarily suspend program execution until the processor 
extension indicates that it is idle by driving the TEST 
line low. 


The LOCK output is driven low whenever the data 
cycles of a LOCKED instruction are executed. A 
LOCKED instruction is generated whenever the 
LOCK prefix occurs immediately before an instruction. 
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The LOCK prefix is active for the single instruction 
immediately following the LOCK prefix. This signal is 
used to indicate to a bus arbiter (e.g., the 8289) that a 
series of locked data transfers is occurring. The bus 
arbiter should under no circumstances release the bus 
while locked transfers are occurring. The 80186 will 
not recognize a bus HOLD, nor will it allow DMA 
cycles to be run by the integrated DMA controller dur- 
ing locked data transfers. LOCKED transfers are used 
in multiprocessor systems to access memory based sem- 
aphore variables which control access to shared system 
resources. 


On the 80186, the LOCK signal will go active during 
T, of the first DATA cycle of the locked transfer. It is 
driven inactive 3 T-states after the beginning of the last 
DATA cycle of the locked transfers. On the 8086, the 
LOCK signal is activated immediately after the LOCK 
prefix is executed. The LOCK prefix may be executed 
well before the processor is prepared to perform the 
locked data transfer. This has the unfortunate conse- 
quence of activating the LOCK signal before the first 
LOCKED data cycle is performed. Since LOCK is ac- 
tive before the processor requires the bus for the data 
transfer, opcode pre-fetching can be LOCKED. How- 
ever, since the 80186 does not activate the LOCK sig- 
nal until the processor is ready to actually perform the 
locked transfer, locked pre-fetching will not occur with 
the 80186. 


The LOCK output is also driven low by hardware dur- 
ing interrupt acknowledge cycles when the integrated 
interrupt controller operates in cascaded or iRMX 86 
modes (see sections 6.5.2 and 6.5.3). In these modes, 
the operation of the LOCK pin may be altered when an 
interrupt occurs during execution of a software- 
LOCKED instruction. See section 6.5.4 for a descrip- 
tion of additional hardware necessary to block DMA 
and HOLD requests under such circumstances. 


3.1.7 HALT TIMING 


A HALT bus cycle is used to signal the world that the 
80186 CPU has executed a HLT instruction. It differs 
from a normal bus cycle in two important ways. 


The first way in which a HALT bus cycle differs from a 
normal bus cycle is that since the processor is entering 
a halted state, none of the control lines (RD or WR) 
will be driven active. Address and data information will 
not be driven by the processor, and no data will be 
returned. The second way a HALT bus cycle differs 
from a normal bus cycle is that the SO-S2 status lines 
go to their passive state (all high) during T> of the bus 
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cycle, well before they go to their passive state during a 
normal bus cycle. 


Like a normal bus cycle, however, ALE is driven ac- 
tive. Since no valid address information is present, the 
information strobed into the address latches should be 
ignored, This ALE pulse can be used, however, to latch 
the HALT status from the SO—S2 status lines. 


The processor being halted does not interfere with the 
operation of any of the 80186 integrated peripheral 
units. This means that if a DMA transfer is pending 
while the processor is halted, the bus cycles associated 
with the DMA transfer will run. In fact, DMA latency 
time will improve while the processor is halted because 
the DMA unit will not be contending with the proces- 
sor for access to the 80186 (see section 4.4.1). 


3.1.8 8288 AND 8289 INTERFACING 


The 8288 and 8289 are the bus controller and multi- 
master bus arbitration devices used with the 8086 and 
8088. Because the 80186 bus is similar to the 8086 bus, 
they can be directly used with the 80186. Figure 15 
shows an 80186 interconnection to these two devices. 


The 8288 bus controller generates control signals (RD, 
WR, ALE, DT/R, DEN, etc.) for an 8086 maximum 
mode system. It derives its information by decoding 
status lines SO-S2 of the processor. Because the 80186 
and the 8086 drive the same status information on these 
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Figure 15. 80186/8288/8289 Interconnection 
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NOTES: 
1. Asynchronous Resolution Flip Flop 
2. Ready Latch Flip Flop 
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The illustrated logic devices are shown for conceptual purposes only. The MOS latches and switches in the actual circuit 
are not necessarily organized in this manner. 


Figure 16. Ready Circuitry of the 80186 


lines, the 80186 can be directly connected to the 8288 
just as in an 8086 system. Using the 8288 with the 
80186 does not prevent using the 80186 control signals 
directly. Many systems require both local bus control 
signals and system bus control signals. In this type of 
system, the. 80186 lines could be used as the local sig- 
nals, with the 8288 lines used as the system signals. 
Note that in an 80186 system, the 8288 generated ALE 
pulse occurs later than that of the 80186 itself. In many 
multimaster bus systems, the 8288 ALE pulse should 
be used to strobe the addresses into the system bus ad- 
dress latches to insure that the address hold times are 
met. 


The 8289 bus arbiter arbitrates the use of a multi-mas- 
ter system bus among various devices each of which 
can become the bus master. This component also de- 
codes status lines SO—S2 of the processor directly to 
determine when the system bus is required. When the 
system bus is required, the 8289 forces the processor to 
wait until it has acquired control of the bus, then it 
allows the processor to drive address, data and control 
information onto the system bus. The system deter- 
mines when it requires system bus resources by an ad- 
dress decode. Whenever the address being driven coin- 
cides with the address of an on-board resource, the sys- 
tem bus is not required and thus will not be requested. 
The circuit shown factors the 80186 chip select lines to 
determine when the system bus should be requested, or 
when the 80186 request can be satisfied using a local 
resource. 


3.1.9 READY INTERFACING 


The 80186 provides two ready lines, a synchronous 
ready (SRDY) line and an asynchronous ready 
(ARDY) line. These lines signal the processor to insert 
wait states (Tw) into a CPU bus cycle. This allows 
slower devices to respond to CPU service requests 
(reads or writes). Wait states will only be inserted when 
both ARDY and SRDY are low, i.e., only one of the 
lines need be active to terminate a bus cycle. Figure 16 
depicts the logical ORing of the ARDY and SRDY 
functions. Any number of wait states may be inserted 
into a bus cycle. The 80186 will ignore the RDY inputs 
during any accesses to the integrated peripheral regis- 
ters and to any area where the chip select ready bits 
indicate that the external ready should be ignored. 


The timing required by the two RDY lines is different. 
The ARDY line is meant to be used with asynchronous 
ready inputs. Thus, inputs to this line will be internally 
synchronized to the CPU clock before being presented 
to the processor. The synchronization circuitry used 
with the ARDY line is shown in Figure 16. The first 
flip-flop is used to “resolve” the asynchronous tran- 
sition of the ARDY line. It will achieve a definite level 
(either high or low) before its output is latched into the 
second flip-flop for presentation to the CPU. When 
latched high, it allows the level present on the ARDY 
line to pass directly to the CPU; when latched low, it 
forces not ready to be presented to the CPU (see Ap- 
pendix B for synchronizer information). 
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ARDY 


In a Normally-Not-Ready system, wait states will be inserted unless: 
1. tanycH: ARDY active to clock high (ARDY resolution setup time) = 20 ns min 
2. tcLarx: Clock low to ARDY inactive (ARDY active hold time) = 
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15 ns min 


ARDY 


In a Normally-Ready system, wait states will be inserted if: 
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1. tanycH: ARDY low to clock high (ARDY resolution setup time) = 20 ns min 


2. taRYCHL: Clock high to ARDY high (ARDY inactive hold time) = 


Alternatively, in a Normally-Ready system, wait states will be inserted if: 
1. tanyitcL: ARDY low to clock low (ARDY setup time) = 35 ns min 


15 ns min 
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2. tcLarx: Clock low to ARDY high (ARDY active hold time) = 15 ns min 


Figure 17. ARDY Transitions 


Asynchronous ready logic may be implemented as ei- 
ther Normally-Ready or Normally-Not-Ready. Figure 
17 depicts activity for both implementations. Remem- 
ber that for ARDY to force wait states, SRDY must be 
low as well. 


In a Normally-Not-Ready implementation the setup 
and hold times of both the resolution flip-flop and the 
ready latch must be satisfied. The ARDY pin must go 
active at least 20 ns before the rising edge of T2, T3, or 
Tw and stay active until 15 ns after the falling edge of 
T3 or Tw to stop generation of wait states and termi- 
nate the bus cycle. If ARDY goes active before the 
rising edge of Tz and stays active after the falling edge 
of T3 there will be no wait state inserted. 


In a Normally-Ready implementation the setup and 
hold times of either the resolution flip-flop or the ready 
latch must be met. Wait states will be generated if 
ARDY goes inactive 20 ns before the rising edge of T 
and stays inactive a minimum of 15 ns after the falling 
edge, or if ARDY goes inactive at least 35 ns before the 
falling edge of T3 and stays inactive a minimum of 15 
ns after the edge. The 80186 ready circuitry performs in 
this manner in order to allow a slow device the maxi- 
mum amount of time to respond with a not ready after 
it has been selected. 
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The synchronous ready (SRDY) line requires that ALL 
transitions on this line during T2, T3 or Tw satisfy a 
certain setup and hold time (tspycy = 35 ns and 
tcLsRY = 15 ns respectively). If these requirements 
are not met, the CPU will not function properly. Valid 
transitions on this line, and subsequent wait state inser- 
tion is shown in Figure 18. The processor looks at this 
line at the beignning of each T3 and Tw. If the line is 
sampled active at the beginning of either of these two 
cycles, that cycle will be immediately followed by T4. 


On the other hand, if the line is sampled inactive at the 
beginning of either of these two cycles, that cycle will 
be followed by a Tw. Any asynchronous transition on 
the SRDY line not occurring at the beginning of T3 or 
Tw, that is, when the processor is not “looking at” the 
ready lines will not cause CPU malfunction. 


3.1.10 BUS PERFORMANCE ISSUES 


Bus cycles occur sequentially, but do not necessarily 
come immediately one after another, that is the bus 
may remain idle for several T states (Tj) between each 
bus access initiated by the 80186. This occurs whenever 
the 80186 internal queue is full and no read/write 
cycles are being requested by the execution unit or inte- 
grated DMA unit. The reader should recall that a sepa- 
rate unit, the bus interface unit, fetches opcodes 
(including immediate data) from memory, while the ex- 
ecution unit actually executes the pre-fetched instruc- 
tions. The number of clock cycles required to execute 
an 80186 instruction vary from 2 clock cycles for a 
register to register move to 67 clock cycles for an inte- 
ger divide. 


If a program contains many long instructions, program 
execution will be CPU limited, that is, the instruction 
queue will be constantly filled. Thus, the execution unit 
does not need to wait for an instruction to be fetched. If 
a program contains mainly short instructions or data 
move instructions, the execution will be bus limited. 


NOTES: 
1. Decision: Ready, T-State will be followed by a wait state 

2. Decision: Ready, T-State will not be followed by a wait state 

3. tsryc_: Synchronous ready stable until clock low (SRDY set-up time) = 35 ns min 


4. tcLsry: Clock low until synchronous ready transition (SRDY hold time) = 
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Here, the execution unit will be required to wait often 
for an instruction to be fetched before it continues its 
operation. Programs illustrating this effect and per- 
formance degradation of each with the addition of wait 
states are given in appendix G. 


All instruction fetches are word (16-bit) fetches from 
even addresses unless the fetch occurs as a result of a 
jump to an odd location. This maximizes the utilization 
of each bus cycle used for instruction fetching, since 
each fetch will access two bytes of information. It is 


also good programming practice to locate all word data 


at even locations, so that.both bytes of the word may be 
accessed in a single bus cycle (see discussion on data 
bus operation for further information, section 3.1.3 of 
this note). 


Although the amount of bus utilization, i.e., the per- 
centage of bus time used by the 80186 for instruction 
fetching and execution required for top performance 
will vary considerably from one program to another, a 
typical instruction mix on the 80186 will require great- 
er bus utilization than the 8086. This is caused by the 
higher performance execution unit requiring instruc- 
tions from the prefetch queue at a greater rate. This 
also means that the effect of wait states is more pro- 
nounced in an 80186 system than in an 8086 system. In 
all but a few cases, however, the performance degrada- 
tion incurred by adding a wait state is less than might 
be expected because instruction fetching and execution 
are performed by separate units. 


3.2 Example Memory Systems 


3.2.1 2764 INTERFACE 


With the above knowledge of the 80186 bus, various 
memory interfaces may be generated. One of the sim- 
plest of these is the example EPROM interface shown 
in Figure 19. 
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15 ns min 


Figure 18. Valid Transitions on the 80186 
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ADO-AD7 


AD8-AD15 
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Figure 19. Example 2764/80186 Interface 


The addresses are latched using the address generation 
circuit shown earlier. Note that the AO line of each 


EPROM is connected to the Al address line from the | 


80186, NOT the AO line. Remember, AO only signals a 
data transfer on the lower 8 bits of the 16-bit data bus! 
The EPROM outputs are connected directly to the ad- 
dress/data inputs of the 80186, and the 80186 RD sig- 
nal is used as the OE for the EPROMs. 


The chip enable of the EPROM is driven directly by 
the chip select output of the 80186 (see section 8). In 
this configuration, the access time calculation for the 
EPROMs are: 


time from 


address: (3 + N) * tctcL — tcLav — 

tivov (8282) — tpvcL 

= 375 + (N * 125) — 44 — 30 —20 
281 + (N * 125) ns 


time from 


chip select: (3 + N) * tctct — tctcsv — tovcL 
310 + -(N * 125) — 66 — 20 
289 + (N * 125) ns 


time from 

RD (O€): (2 + N) totct — tctaL — tover 
250. +-(N * -425)-— 70 —-20 
160 + (N * 125) ns 


where: 


tcLAV = time from clock low in T, until addresses 
are valid 


tcLCL = clock period of processor 


trvov = time from input valid of 8282 until output 
valid of 8282 


tpvcL = 186 data valid input setup time until clock 
low time of T4 


tcLcsv = time from clock low in T, until chip se- 
lects are valid 


tcLRL = time from clock low in T> until RD goes 
~ low 
N = number of wait states inserted 


Thus, for 0 wait state operation, 250 ns EPROMs must 
be used. The only significant parameter not included 
above is tryAv, the time from RD inactive (high) until 
the 80186 begins driving address information. This pa- 
rameter is 85 ns, which meets the 2764-25 (250 ns speed 
selection) output float time of 85 ns. If slower 
EPROMs are used, a discrete data buffer MUST be 
inserted between the EPROM data lines and the ad- 
dress/data bus, since these devices may continue to 
drive data information on the multiplexed address/data 
bus when the 80186 begins to drive address information 
for the next bus cycle. 
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3.2.2 8203 DRAM INTERFACE 


An example 8203/DRAM interface is shown in Figure 
20. The 8203 provides all required DRAM control sig- 
nals, address multiplexing, and refresh generation. In 
this circuit, the 8203 is configured to interface with 
64K DRAMs. : 


All 8203 cycles are generated off control signals (RD 
and WR) provided by the 80186. These signals will not 
go active until T2 of the bus cycle. In addition, since the 
8203 clock (generated by the internal crystal oscillator 
of the 8203) is asynchronous to the 80186 clock, all 


memory requests by the 80186 must be synchronized to 
the 8203 before the cycle will be run. To minimize this 
synchronization time, the 8203 should be used with the 
highest speed crystal that will maintain DRAM com- 
patability. Even if a 25 MHz crystal is used (the maxi- 
mum allowed by the 8203) two wait states will be re- 
quired by the example circuit when using 150 ns 
DRAMs with an 8 MHz 80186, three wait states if 
200 ns DRAMs are used (see timing analysis, Figure 
21). 


The entire RAM array controlled by the 8203 can be 
selected by one or a group of the 80186 provided chip 
selects. These chip selects can also be used to insert the 
wait states required by the interface. 
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Figure 20. Example 8203/DRAM/80186 Interface 
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NOTES: 

1. tote: Clock low until read low = 70 ns max 

2. tcr: Command active until RAS = 150 ns max* 
3. tcc: Command active until CAS = 245 ns max* 
4. tcac: Access time from CAS = 85 ns max 

5. tisou: Input to output delay = 30 ns max 


6. tovc_: Data valid to clock low (data in set up) = 20 ns min 
Total Access Time = 70 + 245 + 85 + 30 +20 = 450 ns (3.6 T-states) 
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© & @ are 186 specs 
® & @ are 8203 specs 
@ is a 2164A-15 spec 
® is on 8282 spec 


*Assumes 25 MHz 
8203 operation 


Figure 21. Example 8203/2164A-15 Access Time Calculation 


Since the 8203 is operating asynchronously to the 
80186, the RDY output of the 8203 (used to suspend 
processor operation when a processor DRAM request 
coincides with a DRAM refresh cycle) must be syn- 
chronized to the 80186. The 80186 ARDY line is used 
to provide the necessary ready synchronization. The 
8203 ready outputs operate in a normally not ready 
mode, that is, they are only driven active when an 8203 
cycle is being executed, and a refresh cycle is not being 
run. The 8203 SACK is presented to the 80186 only 
when the DRAM is being accessed. Notice that the 
SACK output of the 8203 is used, rather than the 
XACK output. Since the 80186 will insert at least one 
full CPU clock cycle between the time RDY is sampled 
active, and the time data must be present on the data 
bus, using the XACK signal would insert unnecessary 
additional wait states, since it does not indicate ready 
until valid data is available from the memory. 


3.2.3 8207 DRAM INTERFACE 


The 8207 advanced dual-port DRAM controller pro- 
vides a high performance DRAM memory interface 


specifically for 80186 and 80286 microcomputer sys- 
tems. This controller provides all address multiplexing 
and DRAM refresh circuitry. In addition, it synchro- 
nizes and arbitrates memory requests from two differ- 
ent ports (e.g., an 80186 and a Multibus), allowing the 
two ports to share memory. Finally, the 8207 provides 
a simple interface to the 8206 error detection and cor- 
rection chip. 


The simplest 8207 (and also the highest performance) 
interface is shown in Figure 22. This shows the 80186 
connected to an 8207 using the 8207 slow cycle, syn- 
chronous status interface. In this mode, the 8207 de- 
codes the type of cycle to be run directly from the 
status lines of the 80186. In addition, since the 8207 
CLOCKIN is driven by the CLOCKOUT of the 80186, 
any performance degradation caused by required mem- 
ory request synchronization between the 80186 and the 
8207 is not present. Finally, the entire memory array 
driven by the 8207 may be selected using one or a 
group of the 80186 memory chip selects, as in the 8203 
interface above. 


22-259 


210973-28 


Figure 22. 80186/8207/DRAM Interface 


The 8207 AACK signal may be used to generate a syn- 
chronous ready signal to the 80186 in the above inter- 
face. Since dynamic memory periodically requires re- 
freshing, 80186 access cycles may occur simultaneously 
with an 8207 generated refresh cycle. When this occurs, 
the 8207 will hold the AACK line high until the proc- 
essor initiated access is run (note, the sense of this line 
is reversed with respect to the 80186 SRDY input). 
This signal should be factored with the DRAM (8207) 
select input and used to drive the SRDY line of the 
80186. Remember that only one of SRDY and ARDY 
needs to be active for a bus cycle to be terminated. If 
asynchronous devices (e.g., a Multibus interface) are 
connected to the ARDY line with the 8207 connected 
to the SRDY line, care must be taken in design of the 
ready circuit such that only one of the RDY lines is 
driven active at a time to prevent premature termina- 
tion of the bus cycle. 


A single-port version of the 8207 is available as the 
8208. For more information about DRAM interfacing 
and timing, consult the 8207 and 8208 data sheets. 


3.3 HOLD/HLDA Interface 


The 80186 employs a HOLD/HLDA bus exchange 
protocol. This protocol allows other asynchronous bus 
master devices (i.e., ones which drive address, data, and 
control information on the bus) to gain control of the 
bus to perform bus cycles (memory or I/O reads or 
writes). 


3.3.1 HOLD RESPONSE 


In the HOLD/HLDA protocol, a device requiring bus 
control (e.g., an external DMA device) raises the 
HOLD line. In response to this HOLD request, the 
80186 will raise its HLDA line after it has finished its 
current bus activity. When the external device is fin- 
ished with the bus, it drops its bus HOLD request. The 
80186 responds by dropping its HLDA line and resum- 
ing bus operation. 


When the 80186 recognizes a bus hold by driving 
HLDA high, it will float many of its signals (see Figure 
23). ADO—AD15 (address/data 0-15) and DEN (data 
enable) are floated within tcy 47 (35 ns) after the same 
clock edge that HLDA is driven active. Al6—A19 (ad- 
dress 16-19) RD, WR, BHE (Bus High Enable), 
DT/R (Data Transmit/Receive) and SO-S2 (status 0- 
2) are floated within tczjcz (45 ns) after the clock edge 
immediately before the clock edge on which HLDA 
comes active. 


HLDA 


AD15-AD0 
DEN 


A16-A19, 
RD,WR,BHE, 
DT/R,S0-S2, 

LOCK 
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Figure 23. Signal Float/HLDA Timing 
of the 80186 


Only the above mentioned signals are floated during 
bus HOLD. Of the signals not floated by the 80186, 
some have to do with peripheral functionality (e.g., 
TmrOut). Many others either directly or indirectly con- 
trol bus devices. These signals are ALE (Address Latch 
Enable, see section 3.1.2) and all the chip select lines 
(UCS, LCS, MCSO-3, and PCSO-6). The designer 
must be aware that the chip select circuitry does not 
look at externally generated addresses (see section 8 for 
a discussion of the chip select logic). Thus, for memory 
or peripheral devices which are addressed by external 
bus master devices, discrete chip select and ready gen- 
eration logic must be used. 


3.3.2 HOLD/HLDA TIMING AND BUS LATENCY 


The time required between HOLD going active and the 
80186 driving HLDA active is known as bus latency. 
Many factors affect this latency, including synchroniza- 
tion delays, bus cycle times, locked transfer times and 
interrupt acknowledge cycles. 


The HOLD request line is internally synchronized by 
the 80186, and may therefore be an asynchronous sig- 
nal. To guarantee recognition on a certain clock edge, it 
must satisfy a certain setup and hold time to the falling 
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edge of the CPU clock. A full CPU clock cycle is re- 
quired for this synchronization, that is, the internal 
HOLD signal is not presented to the internal bus arbi- 
tration circuitry until one full clock cycle after it is 
latched from the HOLD input (see Appendix B for a 


210973-30 
NOTES: 


1. tuyc_: Hold valid until clock low = 25 ns min 
2. to.Hav: Clock low until HLDA active = 50 ns max 


Figure 24. 80186 Idle Bus Hold/HLDA Timing 


NOTES: 


discussion of 80186 synchronizers). If the bus is idle, 
HLDA will follow HOLD by two CPU clock cycles 
plus a small amount of setup and propagation delay 
time. The first clock cycle synchronizes the input; the 
second signals the internal circuitry to initiate a bus 
hold. (See Figure 24). 


Many factors influence the number of clock cycles be- 
tween a HOLD request and a HLDA. These may make 
bus latency longer than the best case shown above. Per- 
haps the most important factor is that the 80186 will 
not relinquish the local bus until the bus is idle. An idle 
bus occurs whenever the 80186 is not performing any 
bus transfers. As stated in section 3.1.1, when the bus is 
idle, the 80186 generates idle T-states. The bus can be- 
come idle only at the end of a bus cycle. Thus, the 
80186 can recognize HOLD only after the end of its 
current bus cycle. The 80186 will normally insert no Tj; 
states between T4 and T, of the next bus cycle if it 
requires any bus activity (e.g., instruction fetches or 
I/O reads). However, the 80186 may not have an im- 
mediate need for the bus after a bus cycle, and will 
insert T; states independent of the HOLD input (see 
Section 3.1.1). 
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1. Decision: No additional internal bus cycles required, idle T-states will be inserted after T4 


2. Greater than 25 ns (tHyc_) 
3. Less than 50 ns (tcLHav) 


4. HOLD request internally synchronized 


NOTES: 
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1. Decision: Additional internal bus cycles required, no idle T-states will be inserted, HOLD not active soon enough to 


force idle T-states 


2. Greater than 25 ns (tyyc_): not required since it will not get recognized anyway 


3. HOLD request internally synchronized 


Figure 25. HLD/HLDA Timing in the 80186 
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NOTES: 

1. HOLD request internally synchronized 
2. Decision: HOLD request active, idle t-states will be inserted at end of current bus cycle 
3. Greater than 25 ns 
4. Less than 50 ns 
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Figure 26. HOLD/HLDA Timing in the 80186 


When the HOLD request is active, the 80186 will be 
forced to proceed from T4 to Tj in order that the bus 
may be relinquished. HOLD must go active 3 T-states 
before the end of a bus cycle to force the 80186 to insert 
idle T-states after T4 (one to synchronize the request, 
and one to signal the 80186 that T4 of the bus cycle will 
be followed by idle T-states, see section 3.1.1). After the 
bus cycle has ended, the bus hold will be immediately 
acknowledged. If, however, the 80186 has already de- 
termined that an idle T-state will follow T4 of the cur- 
rent bus cycle, HOLD need go active only 2 T-states 
before the end of a bus cycle to force the 80186 to 
relinquish the bus at the end of the current bus cycle. 
This is because the external HOLD request is not re- 
quired to force the generation of idle T-states. Figure 26 
graphically portrays the scenarios depicted above. 


An external HOLD has higher priority than both the 
80186 CPU or integrated DMA unit. However, an ex- 
ternal HOLD will not separate the two cycles needed to 
perform a word access when the word accessed is locat- 
ed at an odd location (see Section 3.1.3). In addition, an 
external HOLD will not separate the two-to-four bus 
cycles required to perform a DMA transfer using the 
integrated controller. Each of these factors will add ad- 
ditional bus cycle times to the bus latency of the 80186. 


Another factor influencing bus latency time is locked 
transfers. Whenever a locked transfer is occurring, the 
80186 will not recognize external HOLDs (nor will it 
recognize internal DMA bus requests). Locked trans- 
fers are programmed by preceding an instruction with 
the LOCK prefix. Any transfers generated by such a 
prefixed instruction will be locked, and will not be sepa- 
rated by any external bus requesting device. String in- 
structions may be locked. Since string transfers may 
require thousands of bus cycles, bus latency time will 
suffer if they are locked. 


The final factor affecting bus latency time is interrupt 
acknowledge cycles. When an external interrupt con- 
troller is used, or if the integrated interrupt controller is 
used in Slave mode (see Section 4.4.1) the 80186 will 
run two interrupt acknowledge cycles back to back. 


These cycles are automatically “locked” and will never. 


be separated by any bus HOLD, either internal or ex- 
ternal. See Section 6.5 on interrupt acknowledge timing 
for more information concerning interrupt acknowl- 
edge timing. 


3.3.3 COMING OUT OF HOLD 


After the 80186 recognizes that the HOLD input has 
gone inactive, it will drop its HLDA line in a single 
clock. Figure 27 shows this timing. The 80186 will in- 
sert only two T; after HLDA has gone inactive, assum- 
ing that the 80186 has internal bus cycles to run. Dur- 
ing the last T;, status information will go active con- 
cerning the bus cycle about to be run (see Section 
3.1.1). If the 80186 has no pending bus activity, it will 
maintain all lines floating (high impedance) until the 
last T; before it begins its first bus cycle after the 
HOLD. 


3.4 Differences between the 8086 Bus 
and the 80186 Bus 


The 80186 bus was defined to be upward compatible 
with the 8086 bus. As a result, the 8086 bus interface 
components (the 8288 bus controller and the 8289 bus 
arbiter) may be used directly with the 80186. There are 
a few significant differences between the two processors 
which should be considered. 
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ADO-AD15 
DEN 


A16/53-A19/S6 
RD, WR,BHE 
DT/R,S0-S2 


NOTES: 

1. HOLD internally synchronized 

2. Greater than 25 ns 

3. Less than 50 ns 

4. Lines come out of float only if a bus cycle is pending 
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Figure 27. 80186 Coming out of Hold 


CPU Duty Cycle and Clock Generator 


The 80186 employs an integrated clock generator 
which provides a 50% duty cycle CPU clock (1/2 of 
the time it is high, the other 1/2 of the time it is low). 
This is different than the 8086, which employs an exter- 
nal clock generator (the 8284A) with a 33% duty cycle 
CPU clock (1/3 of the time it is high, the other 2/3 of 
the time, it is low). These differences manifest them- 
selves as follows: 


1) No oscillator output is available from the 80186, 
as it is available from the 8284A clock generator. 


2) The 80186 does not provide a PCLK (50% duty 
cycle, 1/2 CPU clock frequency) output as does 
the 8284A. 


3) The clock low phase of the 80186 is narrower, and 
the clock high phase is wider than on the same 
speed 8086. 


4) The 80186 does not internally factor AEN with 
RDY. This means that if both RDY inputs 
(ARDY and SRDY) are used, external logic must 
be used to prevent the RDY not connected to a 
certain device from being driven active during an 
access to this device (remember, only one RDY 
input needs to be active to terminate a bus cycle, 
see Section 3.1.6). 


5) The 80186 concurrently provides both a single 
asynchronous ready input and a single synchro- 
nous ready input, while the 8284A provides ei- 


ther two synchronous ready inputs or two asyn- 
chronous ready inputs as a user strapable option. 


6) The CLOCKOUT (CPU clock output signal) 
drive capacity of the 80186 is less than the CPU 
clock drive capacity of the 8284A. This means 
that not as many high speed devices (e.g., 
Schottky TTL flip-flops) may be connected to this 
signal as can be used with the 8284A clock output. 


7) The crystal or external oscillator used by the 
80186 is twice the CPU clock frequency, while the 
crystal or external oscillator used with the 8284A 
is three times the CPU clock frequency. 


Local Bus Controller and Control Signals 


The 80186 simultaneously provides both local bus con- 
troller outputs (RD, WR, ALE, DEN and DT/R) and 
status outputs (SO, S1 $2) for use with the 8288 bus 
controller. This is different from the 8086 where the 
local bus controller outputs (generated only in min 
mode) are sacrificed if status outputs (generated only in 
max mode) are desired. These differences will manifest 
themselves in 8086 systems and 80186 systems as fol- 


lows: 


1) Because the 80186 can simultaneously provide lo- 
cal bus control signals and status outputs, many 
systems supporting both a system bus (e.g., 
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a MULTIBUS®) and a local bus will not require 
two separate external bus controllers, that is, the 


80186 bus control signals may be used to control 


the local bus while the 80186 status signals are 
concurrently connected to the 8288 bus controller 
to drive the control signals of the system bus. 


2) The ALE signal of the 80186 goes active a clock 
phase earlier on the 80186 then on the 8086 or 
8288. This minimizes address propagation time 
through the address latches, since typically the de- 
lay time through these latches from inputs valid is 
less than the propagation delay from the strobe 
input active. 


3) The 80186 RD input must be tied low to provide 
queue status outputs from the 80186 (see Figure 
28). When so strapped into “queue status mode,” 
the ALE and WR outputs provide queue status 
information. Notice that this queue status infor- 
mation is available one clock phase earlier from 
the 80186 than from the 8086 (see Figure 29). 


80186 
ALE 


WR 
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Figure 28. Generating Queue Status Information 
from the 80186 


HOLD/HLDA vs. RQ/GT 


As discussed earlier, the 80186 uses a HOLD/HLDA 
type of protocol for exchanging bus mastership (like the 
8086 in min mode) rather than the RQ/GT protocol 
used by the 8086 in max mode. This allows compatibil- 
ity with Intel’s the new generation of high perform- 
ance/high integration bus master peripheral devices 


NOTES: 
1. 80186 changes queue status off falling edge of CLK 
2. 8086 changes queue status off rising edge of CLK 


(for example the 82586 Ethernet controller or 82730 
high performance CRT controller/text coprocessor). _ 


Status Information 


The 80186 does not provide S3-S5 status information. 
On the 8086, S3 and S4 provide information regarding © 


the segment register used to generate the physical ad- _ 


dress of the currently executing bus cycle. S5 provides | 
information concerning the state of the interrupt enable © 
flip-flop. These status bits are always low on the 80186. 


Status signal S6 is used to indicate whether the current 
bus cycle is initiated by either the CPU or a DMA 
device. Subsequently, it is always low on the 8086. On 
the 80186, it is low whenever the current bus cycle is 
initiated by the 80186 CPU, and is high when the cur- | 
rent bus cycle is initiated by the 80186 integrated DMA | 
unit. 


Bus Drive 


The 80186 output drivers will drive 200 pF loads. This 
is double that of the 8086 (100 pF). This allows larger | 
systems to be constructed without the need for bus 
buffers. It also means that it is very important to pro- 
vide good grounds to the 80186, since its large drivers 
can discharge its outputs very quickly causing large 
current transients on the 80186 ground pins. 


Miscellaneous 


The 80186 does not provide early and late write signals, 
as does the 8288 bus controller. The WR signal gener- 
ated by the 80186 corresponds to the early write signal 
of the 8288. This means that data is not stable on the 
address/data bus when this signal is driven active. 


The 80186 also does not provide differentiated I/O and © 
memory read and write command signals. If these sig- _ 
nals are desired, an external 8288 bus controller may be — 
used, or the $2 signal may be used to synthesize differ- _ 
entiated commands (see Section 3.1.4). 
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Figure 29. 80186 and 8086 Queue Status Generation 
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4.0 DMA UNIT INTERFACING 


The 80186 includes a DMA unit which provides two 
independent high speed DMA channels. These chan- 
nels operate independently of the CPU, and drive all 
integrated bus interface components (bus controller, 
chip selects, etc.) exactly as the CPU (see Figure 30). 
This means that bus cycles initiated by. the DMA unit 
are exactly the same as bus cycles initiated by the CPU 
(except that S6 = 1 during al! DMA initiated cycles, 
see Section 3.1). Thus interfacing with the DMA unit 
itself is very simple, since except for the addition of the 
DMaA request connection, it is exactly the same as in- 
terfacing to the CPU. 


EXTERNAL ADDRESS/DATA, 
CONTROL, CHIP SELECTS, 
ETC. 


BUS INTERFACE 
& 
CHIP SELECT CIRCUITRY 


INTERNAL BUS 


= Peal 
REGISTERS ELEMENT 


REQUESTS 
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Figure 30. 80186 CPU/DMA 
Channel Internal Model 


4.1 DMA Features 


Each of the two DMA channels provides the following 
features: 


e Independent 20-bit source and destination pointers 

’ which are used to access the I/O or memory loca- 
tion from which data will be fetched or to which 
data will be deposited 


e Programmable auto-increment, auto-decrement or 
neither of the source and destination pointers after 
each DMA transfer 


e Programmable termination of DMA activity after a 
certain number of DMA transfers 


e Programmable CPU interruption at DMA termina- 
tion 

@ Byte or word DMA transfers to or from even or odd 
memory or I/O addresses 


¢ Programmable generation of DMA requests by: 
1) the source of the data 
2) the destination of the data 
3) timer 2 (see Section 5) 
4) the DMA unit itself (continuous DMA requests) 


4.2 DMA Unit Programming 


Each of the two DMA channels contains a number of 
registers which are used to control channel operation. 
These registers are included in the 80186 integrated pe- 
ripheral control block (see Appendix A). These regis- 
ters include the source and destination pointer registers, 
the transfer count register and the control register. The 
layout and interpretation of the bits in these registers is 
given in Figure 31. 


The 20-bit source and destination pointers allow access 
to the complete 1 Mbyte address space of the 80186, 
and that all 20 bits are affected by the auto-increment 
or auto-decrement unit of the DMA (i.e., the DMA 
channels address the full 1 Mbyte address space of the 
80186 as a flat, linear array without segments). When 
addressing I/O space, the upper 4 bits of the DMA 
pointer registers should be programmed to be 0. If they 
are not programmed 0, then the programmed value 
(greater than 64K in J/O space) will be driven onto the 
address bus (an area of I/O space not accessible to the 
CPU). The data transfer will occur correctly, however. 


After every DMA transfer the 16-bit DMA transfer 
count register it is decremented by 1, whether a byte 
transfer or a word transfer has occurred. If the TC bit 
in the DMA control register is set, the DMA ST/STOP 
bit (see below) will be cleared when this register goes to 
0, causing all DMA activity to cease. A transfer count 
of zero allows 65536 (216) transfers. 


The DMA control register (see Figure 32) contains bits 
which control various channel characteristics, includ- 
ing for each of the data source and destination whether 
the pointer points to memory or I/O space, or whether 
the pointer will be incremented, decremented or left 
alone after each DMA transfer. It also contains a bit 
which selects between byte or word transfers. Two syn- 
chronization bits are used to determine the source of 
the DMA requests (see Section 4.7). The TC bit deter- 
mines whether DMA activity will cease after a pro- 
grammed number of DMA transfers, and the INT bit is 
used to enable interrupts to the processor when this has 
occurred (note that an interrupt will not be generated 
to the CPU when the transfer count register reaches 
zero unless both the INT bit and the TC bit are set). 


The control register also contains a start/stop (ST/ 
STOP) bit. This bit is used to enable DMA transfers. 
Whenever this bit is set, the channel is ‘‘armed,”’ 


22-265 
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Figure 31. 80186 DMA Register Layout 
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Figure 32. DMA Control Register 


that is, a DMA transfer will occur whenever a DMA 
request is made to the channel. If this bit is cleared, no 
DMaA transfers will be performed by the channel. A 
companion bit, the CHG/NOCHG bit, allows the con- 
tents of the DMA control register to be changed with- 
out modifying the state of the start/stop bit. The ST/ 
STOP bit will only be modified if the CHG/NOCHG 
bit is also set during the write to the DMA control 
register. The CHG/NOCHG bit is write only. It will 
always be read back as a 0. Because DMA transfers 
could occur immediately after the ST/STOP bit is set, 
it should only be set after all other DMA controller 
registers have been programmed. This bit is automati- 
cally cleared when the transfer count register reaches 
zero and the TC bit in the DMA control register is set, 
or when the transfer count register reaches zero and 
unsynchronized DMA transfers are programmed. 


All DMA unit programming registers are directly ac- 
cessible by the CPU. This means the CPU can, for ex- 
ample, modify the DMA source pointer register after 
137 DMA transfers have occurred, and have the new 
pointer value used for the 138th DMA transfer. If more 
than one register in the DMA channel is being modified 
at any time that a DMA request may be generated and 
the DMA channel is enabled (the ST/STOP bit in the 
control register is set), the register programming values 
should be placed in memory locations and moved into 
the DMA registers using a locked string move instruc- 
tion. This will prevent a DMA transfer from occurring 
after only half of the register values have changed. The 
above also holds true if a read/modify/write type of 
operation is being performed (e.g., ANDing off bits in a 
pointer register in a single AND instruction to a point- 
er register mapped into memory space). 
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NOTES: 
1. Source address 

2. Source data 

3. Destination address 
4. Destination data 


Wait states are inserted by the bus condition during the bus cycle, not by the DMA controller 
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Figure 33. Example DMA Transfer Cycle on the 80186 


4.3 DMA Transfers 


Every DMA transfer in the 80186 consists of two inde- 
pendent bus cycles, the fetch cycle and the deposit cycle 
(see Figure 33). During the fetch cycle, the byte or 
word data is accessed from memory or I/O space using 
the address in the source pointer register. The data ac- 
cessed is placed in an internal temporary register, 
which is not accessible to the CPU. During the deposit 
cycle, the byte or word data in this internal register is 
placed in memory or I/O space using the address in the 
destination pointer register. These two bus cycles will 
not be separated by bus HOLD or by the other DMA 
channel, and one will never be run without the other 
except when the CPU is RESET. Notice that the bus 
cycles run by the DMA unit are exactly the same as 
memory or I/O bus cycles run by the CPU. The only 
difference between the two is the state of the S6 status 
line (which is multiplexed on the A19 line): on all CPU 
initiated bus cycles, this status line will be driven low; 
on all DMA initiated bus cycles, this status line will be 
driven high. 


4.4 DMA Requests 


Each DMA channel has a single DMA request line by 
which an external device may request a DMA transfer. 
The synchronization bits in the DMA control register 
determine whether this line is interpreted to be connect- 
ed to the source of the DMA data or the destination of 
the DMA data. All transfer requests on this line are 
synchronized to the CPU clock before being presented 


to internal DMA logic. This means that any asynchro- 
nous transitions of the DMA request line will not cause 
the DMA channel to malfunction. In addition to exter- 
nal requests, DMA requests may be generated whenev- 
er the internal Timer 2 times out, or continuously by 
programming the synchronization bits in the DMA 
control register to call for unsynchronized DMA trans- 
fers. 


4.4.1 DMA REQUEST TIMING AND LATENCY 


Before any DMA request can be generated, the 80186 
internal bus must be granted to the DMA unit. A cer- 
tain amount of time is required for the CPU to grant 
this internal bus to the DMA unit. The time between a 
DMA request being issued and the DMA transfer being 
run is known as DMA latency. Many of the issues con- 
cerning DMA latency are the same as those concerning 
bus latency (see Section 3.3.2). The only important dif- 
ference is that external HOLD always has bus priority 
over an internal DMA transfer. Thus, the latency time 
of an internal DMA cycle will suffer during an external 
bus HOLD. 


Each DMA channel has a programmed priority relative 
to the other DMA channel. Both channels may be pro- 
grammed to be the same priority, or one may be pro- 
grammed to be of higher priority than the other chan- 
nel. If both channels are active, DMA latency will suf- 
fer on the lower priority channel. If both channels are 
active and both channels are of the same programmed 


priority, DMA transfer cycles will alternate between 


the two channels (i.e., the first channel will perform a 
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1. tpRract = DMA request to clock low = 25 ns to guarantee recognition 


2. Synchronizer resolution time 
3. DMA unit priority arbitration, etc. time 


4. Bus Interface Unit latches DMA request and decides to run DMA cycle 


Figure 34. DMA Request Timing on the 80186 (showing minimum response time to request) 


fetch and deposit, followed by a fetch and deposit by 
the second channel, etc.). 


The minimum timing required to generate a DMA cy- 
cle is shown in Figure 34. Note that the minimum time 
from DRQ becoming active until the beginning of the 
first DMA cycle is 4 CPU clock cycles, that is, a DMA 
request is sampled 4 clock cycles before the beginning 
of a bus cycle to determine if any DMA activity will be 
required. This time is independent of the number of 
wait states inserted in the bus cycle. The maximum 
DMaA Iatency is a function of other processor activity 
(see above). 


Also notice that if DRQ is sampled active at 1 in Figure 
34, the DMA cycle will be executed, even if the DMA 
request goes inactive before the beginning of the first 
DMA cycle. This does not mean that the DMA request 
is latched into the processor such that any transition on 
the DMA request line will cause a DMA cycle eventu- 
ally. Quite the contrary, DMA request must be active 
at a certain time before the end of a bus cycle for the 
DMaA request to be recognized by the processor. If the 
DMA request line goes inactive before that window, 
then no DMA cycles will be run. 


DMA DEVICE 


DMA REQUEST 
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Figure 35. DMA Acknowledge Synthesis from the 80186 
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4.5 DMA Acknowledge 


The 80186 generates no explicit DMA acknowledge 
signal. Instead, the 80186 performs a read or write di- 
rectly to the DMA requesting device. If required, a 
DMA acknowledge signal can be generated by a decode 
of an address, or by merely using one of the PCS lines 
(see Figure 35). Note ALE must be used to factor the 
DACK because addresses are not guaranteed stable 
when chip selects go active. This is required because if 
the address is not stable when the PCS goes active, 
glitches can occur at the output of the DACK genera- 
tion circuitry as the address lines change state. Once 
ALE has gone low, the addresses are guaranteed: to 
have been stable for at least tayvay (30 ns). 


4.6 Internally Generated DMA 
Requests 


There are two types in internally synchronized DMA 
transfers, that is, transfer initiated by a unit integrated 
in the 80186. These two types are transfers in which the 
DMA request is generated by Timer 2, or where DMA 
request is generated by the DMA channel itself. 


The DMA channel can be programmed such that 
whenever Timer 2 reaches its maximum count, a DMA 
request will be generated. This feature is selected by 
setting the TDRQ bit in the DMA channel control reg- 
ister. A DMA request generated in this manner will be 
latched in the DMA controller, so that once the timer 
request has been generated, it cannot be cleared except 
by running the DMA cycle or by clearing the TDRQ 
bits in both DMA control registers. Before any DMA 
requests are generated in this mode, Timer 2 must be 
initiated and enabled. 


A timer requested DMA cycle being run by either 
DMA channel will reset the timer request. Thus, if 
both channels are using it to request a DMA cycle, only 
one DMA channel will execute a transfer for every 
timeout of Timer 2. Another implication of having a 
single bit timer DMA request latch in the DMA con- 
troller is that if another Timer 2 timeout occurs before 
a DMA channel has a chance to run a DMA transfer, 
the first request will be lost, i.e., only a single DMA 
transfer will occur, even though the timer has timed out 
twice. 


The DMA channel can also be programmed to provide 
its own DMA requests. In this mode, DMA transfer 
cycles will be run continuously at the maximum bus 
bandwidth, one after the other until the prepro- 
grammed number of DMA transfers (in the DMA 
transfer count register) have occurred. This mode is 
selected by programming the synchronization bits in 
the DMA control register for unsynchronized transfers. 
Note that in this mode, the DMA controller will mo- 
nopolize the CPU bus, i.e., the CPU will not be able to 


perform opcode fetching, memory operations, etc., 
while the DMA transfers are occurring. Also notice 
that the DMA will only perform the number of trans- 
fers indicated in the maximum count register regardless 
of the state of the TC bit in the DMA control register. 


4.7 Externally Synchronized DMA 
Transfers 


There are two types of externally synchronized DMA 
transfers, that is, DMA transfers which are requested 
by an external device rather than by integrated Timer 2 
or by the DMA channel itself (in unsynchronized trans- 
fers). These are source synchronized and destination 
synchronized transfers. These modes are selected by 
programming the synchronization bits in the DMA 
channel control register. The only difference between 
the two is the time at which the DMA request pin is 
sampled to determine if another DMA transfer is im- 
mediately required after the currently executing DMA 
transfer. On source synchronized transfers, this is done 
such that two source synchronized DMA transfers may 
occur One immediately after the other, while on desti- 
nation synchronized transfers a certain amount of idle 
time is automatically inserted between two DMA trans- 
fers to allow time for the DMA requesting device to 
drive its DMA request inactive. 


. 4.7.1 SOURCE SYNCHRONIZED 


DMA TRANSFERS 


In a source synchronized DMA transfer, the source of 
the DMA data requests the DMA cycle. An example of 
this would be a floppy disk read from the disk to main 
memory. In this type of transfer, the device requesting 


the transfer is read during the fetch cycle of the DMA 


transfer. Since it takes 4 CPU clock cycles from the 
time DMA request is sampled to the time the DMA 
transfer is actually begun, and a bus cycle takes a mini- 
mum of 4 clock cycles, the earliest time the DMA re- 
quest pin will be sampled for another DMA transfer 
will be at the beginning of the deposit cycle of a DMA 
transfer. This allows over 3 CPU clock cycles between 
the time the DMA requesting device receives an ac- 
knowledge to its DMA request (around the beginning 
of T2 of the DMA fetch cycle), and the time it must 
drive this request inactive (assuming no wait states) to 
insure that another DMA transfer is not performed if it 
is not desired (see Figure 36). 


4.7.2 DESTINATION SYNCHRONIZED 
DMA TRANSFERS 


In destination synchronized DMA transfers, the desti- 
nation of the DMA data requests the DMA transfer. 
An example of this would be a floppy disk write from 
main memory to the disk. In this type of transfer, the 
device requesting the transfer is written during the de- 
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NOTE: 
1. Current DMA source synchronized transfer will not be immediately followed by another DMA transfer 
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1. Current DMA destination synchronized transfer will be followed immediately by another DMA transfer 


Figure 36. Source & Destination Synchronized DMA Request Timing 


posit cycle of the DMA transfer. This causes a prob- 
lem, since the DMA requesting device will not receive 
notification of the DMA cycle being run until 3 clock 
cycles before the end of the DMA transfer (if no wait 
states are being inserted into the deposit cycle of the 
DMaA transfer) and it takes 4 clock cycles to determine 
whether another DMA cycle should be run immediate- 
ly following the current DMA transfer. To get around 
this problem, the DMA unit will relinquish the CPU 
bus after each destination synchronized DMA transfer 
for at least 2 CPU clock cycles to allow the DMA re- 
questing device time to drop its DMA request if it does 
not immediately desire another immediate DMA trans- 
fer. When the bus is relinquished by the DMA unit, the 
CPU may resume bus operation (e.g., instruction fetch- 
ing, memory or I/O reads or writes, etc.). Thus, typi- 
cally, a CPU initiated bus cycle will be inserted between 
each destination synchronized DMA transfer. If no 
CPU bus activity is required, however (and none can be 
guaranteed), the DMA unit will insert only 2 CPU 
clock cycles between the deposit cycle of one DMA 
transfer and the fetch cycle of the next DMA transfer. 
This means that the DMA destination requesting de- 
vice must drop its DMA request at least two clock cy- 
cles before the end of the deposit cycle regardless of the 
number of wait states inserted into the bus cycle. 


Figure 36 shows the DMA request going away too late 
to prevent the immediate generation of another DMA 
transfer. Any wait states inserted in the deposit cycle of 
the DMA transfer will lengthen the amount of time 
from the beginning of the deposit cycle to the time 
DMA will be sampled for another DMA transfer. 
Thus, if the amount of time a device requires to drop its 
DMA request after receiving a DMA acknowledge 
from the 80186 is longer than the 0 wait state 80186 
maximum (100 ns), wait states can be inserted into the 
DMA cycle to lengthen the amount of time the device 
has to drop its DMA request after receiving the DMA 
acknowledge. Table 4 shows the amount of time be- 
tween the beginning of T2 and the time DMA request is 
sampled as wait states are inserted in the DMA deposit 
cycle. | : 


Table 4. DMA Request Inactive Timing 


Max Time (ns) 
For DRQ Inactive 
from Start of To 


Number of 
Wait States 
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NOTES: 
1. DMA request synchronization 
2. Decision: Will DMA cycle be run? 
Answer: No DMA request is active but DHLT is set 
(from NMI request) 
3. NMI synchronization time 
4. Logic delay time from synchronized NMI until DHLT set (note: DHLT is in the interrupt control status register) 
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Figure 37. NMI and DMA Interaction 


4.8 DMA Halt and NMI 


Whenever a Non-Maskable Interrupt is received by the 
80186, all DMA activity will be suspended after the end 
of the current DMA transfer. This is performed by the 
NMI automatically setting the DMA Halt (DHLT) bit 
in the interrupt controller status register (see Section 
6.3.7). The timing of NMI required to prevent a DMA 
cycle from occurring is shown in Figure 37. After the 
NMI has been serviced, the DHLT bit should be 
cleared by the programmer, and DMA activity will re- 
sume exactly where it left off, ic., none of the DMA 
registers will have been modified. The DHLT bit is not 
automatically reset after the NMI has been serviced. It 
is automatically reset by the IRET instruction. This 
DHLT bit may also be set by the programmer to pre- 
vent DMA activity during any critical section of code. 
However, the DHLT bit is not programmable in the 
slave mode. 


4.9 Example DMA Interfaces 


4.9.1 8272 FLOPPY DISK INTERFACE 


An example DMA interface to the 8272 Floppy Disk 
Controller is shown in Figure 38. This shows how a 
typical DMA device can be interfaced to the 80186. An 
example floppy disk software driver for this interface is 
given in Appendix C. 


The data lines of the 8272 are connected, through buff- 
ers, to the 80186 ADO—AD7 lines. The buffers are re- 
quired because the 8272 will not float its output drivers 
quickly enough to prevent contention with the 80186 
driven address information after a read from the 8272 
(see Section 3.1.3). 


DMA acknowledge for the 8272 is driven by an address 
decode within the region assigned to PCS2. If PCS2 is 
assigned to be active between I/O locations 0500H and 
057FH, then an access to I/O location 0500H will en- 
able only the chip select, while an access to I/O loca- 
tion 0501H will enable both the chip select and the 
DMA acknowledge. Remember, ALE must be factored 
into the DACK generation logic because addresses are 
not guaranteed stable when the chip selects become ac- 
tive. If ALE were not used, the DACK generation cir- 
cuitry could glitch as address output changed state 
while the chip select was active. 


Notice that the TC line of the 8272 is driven by a very 
similar circuit as the one generating DACK (except for 
the reversed sense of the output!). This line is used to 
terminate an 8272 command before the command has 
completed execution. Thus, the TC input to the 8272 is 
software driven in this case. Another method of driving 
the TC input would be to connect the DACK signal to 
one of the 80186 timers, and program the timer to out- 
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Figure 38. Example 8272/80186 DMA Interface 


put a pulse to the 8272 after a certain number of DMA 
cycles have been run (see next section for 80186 timer 
information). 


The above discussion assumed that a single 80186 PCS 
line is free to generate all 8272 select signals. If more 
than one chip select is free, however, different 80186 
generated PCS lines could be used for each function. 
For example, PCS2 could be used to select the 8272, 
PCS3 could be used to drive the DACK line of the 
8272, etc. 


DMA requests are delayed by two clock periods in go- 
ing from the 8272 to the 80186. This is required by the 
8272 trar (time from DMA request to DMA RD go- 
ing active) spec of 800 ns min. This requires 6.4 80186 


CPU clock cycles (at 8 MHz), well beyond the 5 mini- 
mum provided by the 80186 (4 clock cycles to the be- 
ginning of the DMA bus cycle, 5 to the beginning of Tz 
of the DMA bus cycle where RD will go active). The 
two flip-flops add two complete CPU clock cycles to 
this response time. 


DMA request will go away 200 ns after DACK is pre- 
sented to the 8272. During a DMA write cycle (i.e., a 
destination synchronized: transfer), this is not soon 
enough to prevent the immediate generation of another 
DMaA transfer if no wait states are inserted in the de- 
posit cycle to the 8272. Therefore, at least 1 wait state is 
required by this interface, regardless of the data access 
parameters of the 8272. 
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4.9.2 8274 SERIAL COMMUNICATION 
INTERFACE 


An example 8274 synchronous/asynchronous serial 
chip/80186 DMA interface is shown in Figure 39. The 
8274 interface is even simpler than the 8272 interface, 
since it does not require the generation of a DMA ac- 
knowledge signal, and the 8274 does not require the 
length of time between a DMA request and the DMA 
read or write cycle that the 8272 does. An example 
serial driver using the 8274 in DMA mode with the 
80186 is given in Appendix C. 
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Figure 39. Example 8274/80186 DMA Interface 


The data lines of the 8274 are connected through buff- 
ers to the 80186 ADO—AD7 lines. Again, these are re- 
quired not because of bus drive problems, but because 
the 8274 will not float its drivers before the 80186 will 
begin driving address information on its address/data 
bus. If both the 8274 and the 8272 are included in the 
same 80186 system, they could share the same data bus 
buffer (as could any other peripheral devices in the sys- 
tem). 


The 8274 does not require a DMA acknowledge signal. 
The first read from or write to the data register of the 
8274 after the 8274 generates the DMA request signal 
will clear the DMA request. The time between when 
the control signal (RD or WR) becomes active and 
when the 8274 will drop its DMA request during a 
DMA write is 150 ns, which will require at least one 
wait state be inserted into the DMA write cycle for 
proper operation of the interface. 


5.0 TIMER UNIT INTERFACING 


The 80186 includes a timer unit which provides three 
independent 16-bit timers. These timers operate inde- 
pendently of the CPU. Two of these have input and 
output pins allowing counting of external events and 
generation of arbitrary waveforms. The third timer can 
be used as a timer, as a prescaler for the other two 
timers, or as a DMA request source. 


5.1 Timer Operation 


The internal timer unit on the 80186 could be modeled 
by a single counter element, time multiplexed to three 
register banks, each of which contains different control 
and count values. These register banks are, in turn, 
dual ported between the counter element and the 80186 
CPU (see Figure 40). Figure 41 shows the timer ele- 
ment sequencing, and the subsequent constraints on in- 
put and output signals. If the CPU modifies one of the 
timer registers, this change will affect the counter ele- 
ment the next time that register is presented to the 
counter element. There is no connection between the 
sequencing of the counter element through the timer 
register banks and the Bus Interface Unit’s sequencing 
through T-states. Timer operation and bus interface op- 
eration are completely asynchronous. 


5.2 Timer Registers 


Each timer is controlled by a block of registers (see 
Figure 42). Each of these registers can be read or writ- 
ten whether or not the timer is operating. All processor 


- accesses to these registers are synchronized to all coun- 


ter element accesses to these registers, meaning that one 
will never read a count register in which only half of 
the bits have been modified. Because of this synchroni- 
zation, one wait state is automatically inserted into any 
access to the timer registers. Unlike the DMA unit, 
locking accesses to timer registers will not prevent the 
timer’s counter elements from accessing the timer regis- 
ters. 


Each timer has a 16-bit count register. This register is 
incremented for each timer event. A timer event can be 
a low-to-high transition on the external pin (for Timers 
0 and 1), a CPU clock transition (divided by 4 because 
of the counter element multiplexing), or a time out of 
timer 2 (for Timers 0 and 1). Because the count register 
is 16 bits wide, up to 65536 (2!6) timer events can be 
counted by a single timer/counter. This register can be 
both read or written whether the timer is or is not oper- 
ating. 


Each timer includes a maximum count register. When- 
ever the timer count register is equal to the maximum 
count register, the count register will be reset to zero, 
that is, the maximum count value will never be stored 
in the count register. This maximum count value may 
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Figure 40. 80186 Timer Model - 
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NOTES: 
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Figure 41. 80186 Counter Element Multiplexing and Timer Input Synchronization 
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Figure 42. 80186 Timer Register Layout 


be written while the timer is operating. A maximum 
count value of 0 implies a maximum count of 65536, a 
maximum count value of 1 implies a maximum count 
of 1, etc. The user should be aware that only equiva- 
lence between the count value and the maximum count 
register value is checked, that is, the count value will 
not be cleared if the value in the count register is great- 
er than the value in the maximum count register. This 
could only occur by programmer intervention, either by 
setting the value in the count register greater than the 
value in the maximum count register, or by setting the 
value in the maximum count register to be less than the 
value in the count register. If this is programmed, the 
timer will count to the maximum possible count 
(FFFFH), increment to 0, then count up to the value in 
the maximum count register. The TC bit in the timer 
control register will not be set when the counter over- 
flows to 0, nor will an interrupt be generated from the 
timer unit. 


Timers 0 and 1 each contain an additional maximum 
count register. When both maximum count registers 
are used, the timer will first count up to the value in 
maximum count register A, reset to zero, count up to 
the value in maximum count register B, and reset to 
zero again. The ALTernate bit in the timer control reg- 
ister determines whether one or both maximum count 
registers are used. If this bit is low, only maximum 
count register A is used; maximum count register B is 
ignored. If it is high, both maximum count register A 
and maximum count register B are used. The RIU (reg- 
ister in use) bit in the timer control register indicates 
which maximum count register is currently being used. 
This bit is O when maximum count register A is being 
used, 1 when maximum count register B is being used. 
This RIU bit is read only. It is unaffected by any write 
to the timer control register. It will always be read 0 in 
single maximum count register mode (since only maxi- 
mum count register A will be used). 


Each timer can generate an interrupt whenever the tim- 
er count value reaches a maximum count value. That is, 
an interrupt can be generated whenever the value in 
maximum count register A is reached, and whenever 
the value in maximum count register B is reached. In 
addition, the MC (maximum count) bit in the timer 
control register is set whenever the timer count reaches 
a maximum count value. This bit is never automatically 
cleared, i.e., programmer intervention is required to 
clear this bit. If a timer generates a second interrupt 
request before the first interrupt request has been serv- 
iced, the first interrupt request to the CPU will be lost. 


Each timer has an ENable bit in the timer control regis- 
ter. This bit is used to enable the timer to count. The 
timer will count timer events only when this bit is set. 
Any timer events occurring when this bit is reset are 
ignored. Any write to the timer control register will 
modify the ENable bit only if the INHibit bit is also set. 
The timer ENable bit will not be modified by a write to 
the timer control register if the INHibit bit is not set. 
The INHibit bit in the timer control register allows 
selective updating of the timer ENable bit. The value of 
the INHibit bit is not stored in a write to the timer 
control register; it will always be read as a 1. 


Each timer has a CONTinuous bit in the timer control 
register. If this bit is cleared, the timer ENable bit will 
be automatically cleared at the end of each timing cy- 
cle. If a single maximum count register is used, the end 
of a timing cycle occurs when the count value resets to 
zero after reaching the value in maximum count regis- 
ter A. If dual maximum count registers are used, the 
end of a timing cycle occurs when the count value re- 
sets to zero after reaching the value in maximum count 
register B. If the CONTinuous bit is set, the ENable bit 
in the timer control register will never be automatically 
reset. Thus, after each timing cycle, another timing 
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cycle will automatically begin. For example, in single 
maximum count register mode, the timer will count up 
to the value in maximum count register A, reset to 
zero, ad infinitum. In dual maximum count register 
mode, the timer will count up the value in maximum 
count register A, reset to zero, count up the value in 
maximum count register B, reset to zero, count up to 
the value in maximum count register A, reset to zero, et 
cetera. 


5.3 Timer Events 


Each timer counts timer events. All timers can use a 
transition of the CPU clock as an event. Because of the 
counter element multiplexing, the timer count value 
will be incremented every fourth CPU clock. For Timer 
2, this is the only timer event which can be used. For 
Timers 0 and 1, this event is selected by clearing the 
EXTernal and Prescaler bits in the timer control regis- 
ter. 


Timers 0 and 1 can use Timer 2 reaching its maximum 
count as a timer event. This is selected by clearing the 
EXTernal bit and setting the Prescaler bit in the timer 
control register. When this is done, the timer will incre- 
ment whenever Timer 2 resets to zero having reached 
its own maximum count. Note that Timer 2 must be 
initialized and running for the other timer’s value to be 
incremented. 


Timers 0 and 1 can also be programmed to count low- 
to-high transitions on the external input pin. Each tran- 
sition on the external pin is synchronized to the 80186 
clock before it is presented to the timer circuitry, and 
may, therefore, be asynchronous (see Appendix B for 
information on 80186 synchronizers). The timer counts 
transitions on the input pin: the input value must go 
low, then go high to cause the timer increment. Any 
transition on this line is latched. If a transition occurs 
when a timer is not being serviced by the counter ele- 
ment, the transition on the input line will be remem- 
bered so that when the timer does get serviced, the in- 
put transition will be counted. Because of the counter 
element multiplexing, the maximum rate at which the 
timer can count is 1/4 of the CPU clock rate (2 MHz 
with an 8 MHz CPU clock). 


5.4 Timer Input Pin Operation 


Timers 0 and 1 each have individual timer input pins. 
All low-to-high transitions on these input pins are syn- 
chronized, latched, and presented to the counter ele- 
ment when the particular timer is being serviced by the 
counter element. 


Signals on this input can affect timer operation in three 
different ways. The manner in which the pin signals are 


AP-186 


used is determined by the EXTernal and RTG (retrig- 
ger) bits in the timer control register. If the EXTernal 
bit is set, transitions on the input pin will cause the 
timer count value to increment if the timer is enabled 
(the ENable bit in the timer control register is set). 
Thus, the timer counts external events. If the EXTernal 
bit is cleared, all timer increments are caused by either 
the CPU clock or by Timer 2 timing out. In this mode, 
the RTG bit determines whether the input pin will en- 
able timer operation, or whether it will retrigger timer 
operation. 


If the EXTernal bit is low and the RTG bit is also low, 
the timer will count internal timer events only when the 
timer input pin is high and the ENable bit in the timer 
control register is set. Note that in this mode, the pin is 
level sensitive, not edge sensitive. A low-to-high tran- 
sition on the timer input pin is not required to enable 
timer operation. If the input is tied high, the timer will 
be continually enabled. The timer enable input signal is 
completely independent of the ENable bit in the timer 
control register: both must be high for the timer to 
count. Example uses for the timer in this mode would 
be a real time clock or a baud rate generator. 


If the EXTernal bit is low and the RTG bit is high, the 
timer will act as a digital one-shot. In this mode, every 
low-to-high transition on the timer input pin will cause 
the timer to reset to zero. If the timer is enabled (i.e., 
the ENable bit in the timer control register is set) timer 
operation will begin (the timer will count CPU clock 
transitions or Timer 2 timeouts). Timer operation will 
cease at the end of a timer cycle, that is, when the value 
in the maximum count register A is reached and the 
timer count value resets to zero (in single maximum 
count register mode, remember that the maximum 
count value is never stored in the timer count register) 
or when the value in maximum count register B is 
reached and the timer count value resets to zero (in 
dual maximum count register mode). If another low-to- 
high transition occurs on the input pin before the end of 
the timer cycle, the timer will reset to zero and begin 
the timing cycle again regardless of the state of the 
CONtinuous bit in the timer control register the RIU 
bit will not be changed by the input transition. If the 
CONtinuous bit in the timer control register is cleared, 
the timer ENable bit will automatically be cleared at 
the end of the timer cycle. This means that any addi- 
tional transitions on the input pin will be ignored by the 
timer. If the CONtinuous bit in the timer control regis- 
ter is set, the timer will reset to zero and begin another 
timing cycle for every low-to-high transition on the in- 
put pin, regardless of whether the timer had reached 
the end of a timer cycle, because the timer ENable bit 
would not have been cleared at the end of the timing 
cycle. The timer will also continue counting at the end 
of a timer cycle, whether or not another transition has 
occurred on the input pin. An example use of the timer 
in this mode is an alarm clock time out signal or inter- 
rupt. 
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5.5 Timer Output Pin Operation 


Timers 0 and 1 each contain a single timer output pin. 
This pin can perform two functions at programmer op- 
tion. The first is a single pulse indicating the end of a 
timing cycle. The second is a level indicating the maxi- 
mum count register currently being used. The timer 
outputs operate as outlined below whether internal or 
external clocking of the timer is used. If external clock- 
ing is used, however, the user should remember that the 
time between an external transition on the timer input 
pin and the time this transition is reflected in the timer 
out pin will vary depending on when the input tran- 
sition occurs relative to the timer’s being serviced by 
the counter element. 


When the timer is in single maximum count register 
mode (the ALTernate bit in the timer control register is 
cleared) the timer output pin will go low for a single 
CPU clock the clock after the timer is serviced by the 
counter element where maximum count is reached (see 
Figure 43). This mode is useful when using the timer as 
a baud rate generator. 


TIMER 0 SERVICED 
(CEE STRUTT 


INTERNAL 
COUNT 
VALUE 


MAX COUNT — 1 


TMR OUT 
PIN 


When the timer is programmed in dual maximum 
count register mode (the ALTernate bit in the timer 
control register is set), the timer output pin indicates 
which maximum count register is being used. It is low 
if maximum count register B is being used for the cur- 
rent count, high if maximum count register A is being 
used. If the timer is programmed in continuous mode 
(the CONTinuous bit in the timer control register is 
set), this pin could generate a waveform of any duty 
cycle. For example, if maximum count register A con- 
tained 10 and maximum count register B contained 20, 
a 33% duty cycle waveform would be generated. 


5.6 Sample 80186 Timer Applications 


The 80186 timers can be used for almost any applica- 
tion for which a discrete timer circuit would be used. 
These include real time clocks, baud rate generators, or 
event counters. 
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Figure 43. 80186 Timer Out Signal 
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Figure 44. 80186 Real Time Clock 
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Figure 45. 80186 Baud Rate Generator 
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Figure 46 


5.6.1 80186 TIMER REAL TIME CLOCK 


The sample program in appendix D shows the 80186 
timer being used with the 80186 CPU to form a real 
time clock. In this implementation, Timer 2 is pro- 
grammed to provide an interrupt to the CPU every mil- 
lisecond. The CPU then increments memory based 
clock variables. 


5.6.2 80186 TIMER BAUD RATE GENERATOR 


The 80186 timers can also be used as baud rate genera- 
tors for serial communication controllers (e.g., the 
8274). Figure 45 shows this simple connection, and the 
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code to program the timer as a baud rate generator is 
included in Appendix D. 


5.6.3 80186 TIMER EVENT COUNTER 


The 80186 timer can be used to count events. Figure 46 
shows a hypothetical set up in which the 80186 timer 
will count the interruptions in a light source. The num- 
ber of interruptions can be read directly from the count 
register of the timer, since the timer counts up, i.e., 
each interruption in the light source will cause the tim- 
er count value to increase. The code to set up the 80186 
timer in this mode is included in Appendix D. 
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Figure 47. 80186 Interrupt Controller Block Diagram 
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6.0 80186 INTERRUPT CONTROLLER 
INTERFACING 


The 80186 contains an integrated interrupt controller. 
This unit performs tasks of the interrupt controller in a 
typical system. These include synchronization of inter- 
rupt requests, prioritization of interrupt requests, and 
request type vectoring in response to a CPU interrupt 
acknowledge. It can be a master to two external 8259A 
interrupt controllers or can be a slave to an external 
interrupt controller. 


6.1 Interrupt Controller Model 


The integrated interrupt controller block diagram is 
shown in Figure 47. It contains registers and a control 
element. Four inputs are provided for external interfac- 
ing to the interrupt controller. Their functions change 
according to the programmed mode of the interrupt 
controller. Like the other 80186 integrated peripheral 
registers, the interrupt controller registers are available 
for CPU reading or writing at any time. 


6.2 Interrupt Controller Operation 


The interrupt controller operates in two major modes, 
master and slave mode. In master mode the integrated 
controller acts as the master interrupt controller for the 
system, while in slave mode the controller operates as a 
slave to an external interrupt controller which operates 
as the master interrupt controller for the system. Some 


MASTER MODE 
INT3 CONTROL REGISTER 


NOTE: 
1. Unsupported in this mode: values written may or may not be stored 


OFFSET ADDRESS 


of the interrupt controller registers and interrupt con- 
troller pins change definition between these two modes, 
but the basic charter and function of the interrupt con- 
troller remains fundamentally the same. The difference 
is when in master mode, the interrupt controller pres- 
ents its interrupt input directly to the 80186 CPU, 
while in slave mode the interrupt controller presents its 
interrupt input to an external controller (which then 
presents its interrupt input to the 80186 CPU). Placing 
the interrupt controller in slave mode is done by setting 
the SLAVE/MASTER bit in the peripheral control 
block pointer (see Appendix A). 


6.3 Interrupt Controller Registers 


The interrupt controller has a number of registers 
which are used to control its operation (see Figure 48). 
Some of these change their function between the two 
major modes of the interrupt controller (master and 
slave mode). The differences are indicated in the follow- 
ing section. If not indicated, the function and imple- 
mentation of the registers is the same in the two basic 
modes of operation of the interrupt controller. The 
method of interaction among the various interrupt con- 
troller registers is shown in the flowcharts in Figures 56 
and 57. 


6.3.1 CONTROL REGISTERS 


Each source of interrupt to the 80186 has a control 
register in the internal controller. These registers con- 
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Figure 48. 80186 Interrupt Controller Registers 
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Figure 49. Interrupt Controller Control Register 
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Figure 50. 80186 Interrupt Controller In-Service, Interrupt Request and Mask Register Format 


tain three bits which select one of eight different inter- 
rupt priority levels for the interrupt device (0 is highest 
priority, 7 is lowest priority), and a mask bit to enable 
the interrupt (see Figure 49). When the mask bit is low, 
the interrupt is enabled, when it is high, the interrupt is 
masked. 


There are seven control registers in the 80186 integrat- 
ed interrupt controller. In master mode, four of these 
serve the external interrupt inputs, one each for the two 
DMA channels, and one for the collective timer inter- 
rupts. In slave mode, the external interrupt inputs are 
not used, so each timer can have its own individual 
control register. 


6.3.2 REQUEST REGISTER 


The interrupt controller includes an interrupt request 
register (see Figure 50). This register contains seven 
active bits, one for each interrupt control register. 
Whenever an interrupt request is made by the interrupt 
source associated with a specific control register, the bit 
in interrupt request register is set, regardless if the in- 
terrupt is enabled, or if it is of sufficient priority to 
cause a processor interrupt. The bits in this register 
which are associated with integrated peripheral devices 
(the DMA and timer units) can be read or written, 
while the bits in this register which are associated with 
the external interrupt pins can only be read (values 
written to them are not stored). These interrupt request 
bits are automatically cleared when the interrupt is ac- 
knowledged. 


6.3.3 MASK REGISTER AND PRIORITY 
MASK REGISTER 


The interrupt controller contains a mask register (see 
Figure 50). This register contains a mask bit for each 
interrupt source associated with an interrupt control 
register. The bit for an interrupt source in the mask 
register is identically the same bit as is provided in the 
interrupt control register: modifying a mask bit in the 


~ control register will also modify it in the mask register, 


and vice versa. 


The interrupt controller also contains a priority mask 
register (see Figure 51). This register contains three bits 
which indicate the lowest priority an interrupt may 
have that will cause an interrupt acknowledge. Inter- 
rupts received which have a lower priority will be effec- 
tively masked off. Upon reset this register is set to the 
lowest priority of 7 to enable all interrupts of any prior- 
ity. This register may be read or written. 


15 
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Figure 51. 80186 Interrupt Controller Priority 
Mask Register Format 


6.3.4 IN-SERVICE REGISTER 


The interrupt controller contains an in-service register 
(see Figure 50). A bit in the in-service register is associ- 
ated with each interrupt control register so that when 
an interrupt request by the device associated with the 
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control register is acknowledged by the processor (ei- 
ther by the processor running the interrupt acknowl- 
edge or by the processor reading the interrupt poll reg- 
ister) the bit is set. The bit is reset when the CPU issues 
an End Of Interrupt to the interrupt controller. This 
register may be both read and written, i.e., the CPU 
may Set in-service bits without an interrupt ever occur- 
ring, or may reset them without using the EOI function 
of the interrupt controller. 


6.3.5 POLL AND POLL STATUS REGISTERS 


The interrupt controller contains both a poll register 
and a poll status register (see Figure 52). Both of these 
registers contain the same information. They have a 
single bit to indicate an interrupt is pending. This bit is 
set if an interrupt of sufficient priority has been re- 
ceived. It is automatically cleared when the interrupt is 
acknowledged. If (and only if) an interrupt is pending, 
they also contain information as to the interrupt type of 
the highest priority interrupt pending. 


$0-S4 = interrupt type 
210973-60 


Figure 52. 80186 Poll & 
Poll Status Register Format 


Reading the poll register will acknowledge the pending 
interrupt to the interrupt controller just as if the proc- 
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essor had acknowledged the interrupt through interrupt. 
acknowledge cycles. The processor will not actually run 
any interrupt acknowledge cycles, and will not vector 
through a location in the interrupt vector table. The 
contents of the interrupt request, in-service, poll, and 
poll status registers will change appropriately. Reading 
the poll status register will merely transmit the status of 
the polling bits without modifying any of the other in- 
terrupt controller registers. These registers are read 
only: data written to them is not stored. These registers 
are not supported in slave mode. The state of the bits in 
these registers in slave mode is not defined. 


6.3.6 END OF INTERRUPT REGISTER 


The interrupt controller contains an End Of Interrupt 
register (see Figure 53). The programmer issues an End 
Of Interrupt to the controller by writing to this register. 
After receiving the End Of Interrupt, the interrupt con- 
troller automatically resets the in-service bit for the in- 
terrupt. The value of the word written to this register 
determines whether the End Of Interrupt is specific or 
non-specific. A non-specific End Of Interrupt is speci- 
fied by setting the non-specific bit in the word written 
to the End Of Interrupt register. In a non-specific End 
Of Interrupt, the in-service bit of the highest priority 
interrupt set is automatically cleared, while a specific 
End Of Interrupt allows the in-service bit cleared to be 
explicitly specified. The in-service bit is reset whether 
the bit was set by an interrupt acknowledge or if it was 
set by the CPU writing the bit directly to the in-service 
register. If the highest priority interrupt is reset, the 
poll and poll status registers will change to reflect the 
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Figure 53. 80186 End of Interrupt Register Format 
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Figure 54. 80186 Interrupt Status Register Format 
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Figure 55, 80186 Interrupt Vector Register Format (slave mode only) 
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next lowest priority interrupt to be serviced. If a less 
than highest priority interrupt in-service bit is reset, the 
priority poll and poll status registers will not be modi- 
fied (because the highest priority interrupt to be serv- 
iced has not changed). Only the specific EOI is support- 
ed in slave mode. This register is write only: data writ- 
ten is not stored and cannot be read back. 


6.3.7 INTERRUPT STATUS REGISTER 


The interrupt controller also contains an interrupt 
status register (see Figure 54). This register contains 
four significant bits. There are three bits used to show 
which timer is causing an interrupt. This is required 
because in master mode, the timers share a single inter- 
rupt control register. A bit in this register is set to indi- 
cate which timer has generated an interrupt. The bit 
associated with a timer is automatically cleared after 
the interrupt request for the timer is acknowledged. 
More than one of these bits may be set at a time. The 
fourth bit in the interrupt status register is the DMA 
halt bit (not implemented in slave mode). When set, 
this bit prevents any DMA activity. It is automatically 
set whenever a NMI is received by the interrupt con- 
troller. It can also be set explicitly by the programmer. 
This bit is automatically cleared whenever the IRET 
instruction is executed. All significant bits in this regis- 
ter are read/write. 


6.3.8 INTERRUPT VECTOR REGISTER 


Finally, in slave mode only, the interrupt controller 
contains an interrupt vector register (see Figure 55). 
This register is used to specify the 5 most significant 
bits of the interrupt type vector placed on the CPU bus 
in response to an interrupt acknowledgement (the lower 
3 significant bits of the interrupt type are determined by 
the priority level of the device causing the interrupt in 
slave mode). 


6.4 Interrupt Sources 


The 80186 interrupt controller receives and arbitrates 
among many different interrupt request sources, both 
internal and external. Each interrupt source may be 
programmed to be a different priority level in the inter- 
rupt controller. An interrupt request generation flow 
chart is shown in Figure 56. Such a flowchart would be 
followed independently by each interrupt source. 


6.4.1 INTERNAL INTERRUPT SOURCES 


The internal interrupt sources are the three timers and 
the two DMA channels. An interrupt from each of 
these interrupt sources is latched in the interrupt con- 
troller, so that if the condition causing the interrupt is 
cleared in the originating integrated peripheral device, 
the interrupt request will remain pending in the inter- 


rupt controller. The state of the pending interrupt can 
be obtained by reading the interrupt request register of 
the interrupt controller. For all internal interrupts, the 
latched interrupt request can be reset by the processor 
by writing to the interrupt request register. Note that 
all timers share a common bit in the interrupt request 
register in master mode. The interrupt controller status 
register may be read to determine which timer is actual- 
ly causing the interrupt request in this mode. Each tim- 
er has a unique interrupt vector (see Section 6.5.1). 
Thus polling is not required to determine which timer 
has caused the interrupt in the interrupt service routine. 
Also, because the timers share a common interrupt 
control register, they are placed at a common priority 
level as referenced to all other interrupt devices. 
Among themselves they have a fixed priority, with tim- 
er O as the highest priority timer and timer 2 as the 
lower priority timer. 


6.4.2 EXTERNAL INTERRUPT SOURCES 


The 80186 interrupt controller will accept external in- 
terrupt requests only when it is programmed in master 
mode. In this mode, the external pins associated with 
the interrupt controller may serve either as direct inter- 
rupt inputs, or as cascaded interrupt inputs from other 
interrupt controllers as a programmed option. These 
options are selected by programming the C and SFNM 
bits in the INTO and INT1 control registers (see Figure 
49). 


When programmed as direct interrupt inputs, the four 
interrupt inputs are each controlled by an individual 
interrupt control register. As stated earlier, these regis- 
ters contain 3 bits which select the priority level for the 
interrupt and a single bit which enables the interrupt 
source to the processor. In addition each of these con- 
trol registers contains a bit which selects either edge or 
level triggered mode for the interrupt input. When edge 
triggered mode is selected, a low-to-high transition 
must occur on the interrupt input before an interrupt is 
generated, while in level triggered mode, only a high 
level needs to be maintained to generate an interrupt. In 
edge triggered mode, the input must remain low at least 
1 clock cycle before the input is “re-armed.” In both 
modes, the interrupt level must remain high until the 
interrupt is acknowledged, i.e., the interrupt request is 
not latched in the interrupt controller. The status of the 
interrupt input can be shown by reading the interrupt 
request register. Each of the external pins has a bit in 
this register which indicates an interrupt request on the 
particular pin. Note that since interrupt requests on 
these inputs are not latched by the interrupt controller, 
if the external input goes inactive, the interrupt requests 
(and also the bit in the interrupt request register) will 
also go inactive (low). Also, if the interrupt input is in 
edge triggered mode, a low-to-high transition on the 
input pin must occur before the interrupt request bit 
will be set in the interrupt request register. 
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Figure 56. 80186 Interrupt Request Sequencing 


If the C (Cascade) bit of the INTO or INT1 control 
registers are set, the interrupt input is cascaded to an 
external interrupt controller. In this mode, whenever 
the interrupt presented to the INTO or INT1 line is 
acknowledged, the integrated interrupt controller will 
not provide the interrupt type for the interrupt. In- 
stead, two INTA bus cycles will be run, with the INT2 
and INT3 lines providing the interrupt acknowledge 
pulses for the INTO and the INT1 interrupt requests 
respectively. INTO/INT2 and INT1/INT3 may be in- 
dividually programmed into cascade mode. This allows 
128 individually vectored interrupt sources if two banks 
of 8 external interrupt controllers each are used. 


6.4.3 SLAVE MODE INTERRUPT SOURCES 


When the interrupt controller is configured in slave 
mode, the integrated interrupt controller accepts in- 


terrupt requests only from the integrated peripherals. 
Any external interrupt requests must go through an 
external interrupt controller. This external interrupt 
controller requests interrupt service directly from the 
80186 CPU through the INTO line on the 80186. In this 
mode, the function of this line is not affected by the 
integrated interrupt controller. In addition, in slave 
mode the integrated interrupt controller must request 
interrupt service through this external interrupt con- 
troller. This interrupt request is made on the INT3 line 
(see Section 6.6.4 on external interrupt connections). 


6.5 Interrupt Response 


The 80186 can respond to an interrupt in two different 
ways. The first will occur if the internal controller is 
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2. Two interrupt acknowledge cycles will be run, the interrupt type is read by the CPU on the second cycle 
3. Interrupt acknowledge cycles will not be run, the interrupt vector address is placed on an internal bus and is not 


available outside the processor 


4. Interrupt type is not driven on external bus in slave mode 


Figure 57. 80186 Interrupt Acknowledge Sequencing 


providing the interrupt vector information with the 
controller in master mode. The second will occur if the 
CPU reads interrupt type information from an external 
interrupt controller or if the interrupt controller is in 
slave mode. In both of these instances the interrupt vec- 
tor information driven by the 80186 integrated inter- 
rupt controller is not available outside the 80186 micro- 
processor. 


In each interrupt mode, when the integrated interrupt 
controller receives an interrupt response, the interrupt 
controller will automatically set the in-service bit and 
reset the interrupt request bit in the integrated control- 
ler. In addition, unless the interrupt control register for 
the interrupt is set in Special Fully Nested Mode, the 
interrupt controller will prevent any interrupts from oc- 
curring from the same interrupt line until the in-service 
bit for that line has been cleared. 


6.5.1 INTERNAL VECTORING, MASTER MODE 


In master mode, the interrupt types associated with all 
the interrupt sources are fixed and unalterable. These 
interrupt types are given in Table 5. In response to an 
internal CPU interrupt acknowledge the interrupt con- 
troller will generate the vector address rather than the 
interrupt type. On the 80186 (like the 8086) the inter- 
rupt vector address is the interrupt type multiplied by 
4. This speeds interrupt response. 


In master mode, the integrated interrupt controller is 
the master interrupt controller of the system. As a re- 
sult, no external interrupt controller need know when 
the integrated controller is providing an interrupt vec- 
tor, nor when the interrupt acknowledge is taking 
place. As a result, no interrupt acknowledge bus cycles 
will be generated. The first external indication that an 
interrupt has been acknowledged will be the processor 
reading the interrupt vector from the interrupt vector 
table in low memory. 
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Table 5. 80186 Interrupt Vector Types 


Timer 0 
Timer 1 
Timer 2 


DMA 0 
DMA 1 
INT O 
INT 1 
INT 2 
INT 3 


Because the two interrupt acknowledge cycles are not 
run, and the interrupt vector address does not need to 
be calculated, interrupt response to an internally vec- 
tored interrupt is 42 clock cycles, which is faster than 
the interrupt response when external vectoring is re- 
quired, or if the interrupt controller is run in slave 
mode. 


If two interrupts of the same programmed priority oc- 
cur, the default priority scheme (as shown in Table 5) is 
used. . | 


NOTES: 
. SLAVE SELECT = INT1 
_INTA = INT 2 
. Driven by external interrupt controller 
. SLAVE SELECT must be driven before Phase 2 of To of the second INTA cycle 
. SLAVE SELECT read by 80186 


6.5.2 INTERNAL VECTORING, SLAVE MODE 


In slave mode, the interrupt types associated with the 
various interrupt sources are alterable. The upper 5 
most significant bits are taken from the interrupt vector 
register, and the lower 3 significant bits are taken from 
the priority level of the device causing the interrupt. 
Because the interrupt type, rather than the interrupt 
vector address, is given by the interrupt controller in 
this mode the interrupt vector address must be calculat- 
ed by the CPU before servicing the interrupt. 


In slave mode, the integrated interrupt controller will 
present the interrupt type to the CPU in response to the 
two interrupt acknowledge bus cycles run by the proc- 
essor. During the first interrupt acknowledge cycle, the 
external master interrupt controller determines which 
slave interrupt controller will be allowed to place its 
interrupt vector on the microprocessor bus. During the 
second interrupt acknowledge cycle, the processor 
reads the interrupt vector from its bus. Thus, these two 
interrupt acknowledge cycles must be run, since the 
integrated controller will present the interrupt type in- 
formation only when the external interrupt controller 
signals the integrated controller that it has the highest 
pending interrupt request (see Figure 58). The 80186 
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Figure 58. 80186 Slave Mode Interrupt Acknowledge Timing 
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Figure 59. 80186 Cascaded Interrupt Acknowledge Timing 


samples the SLAVE SELECT line during the falling 
edge of the clock at the beginning of T3 of the second 
interrupt acknowledge cycle. This input must be stable 
20 ns before and 10 ns after this edge. 


These two interrupt acknowledge cycles will be run 
back to back, and will be LOCKED with the LOCK 
output active (meaning that DMA requests and HOLD 
requests will not be honored until both cycles have been 
run). Note that the two interrupt acknowledge cycles 
will always be separated by two idle T states, and that 
wait states will be inserted into the interrupt acknowl- 
edge cycle if a ready is not returned by the processor 
bus interface. The two idle T states are inserted to allow 
compatibility with the timing requirements of an exter- 
nal 8259A interrupt controller. 


Because the interrupt acknowledge cycles must be run 
in slave mode, even for internally generated vectors, 
and the integrated controller presents an interrupt type 
rather than a vector address, the interrupt response 
time here is the same as if an externally vectored inter- 
rupt was required, namely 55 CPU clocks. 


6.5.3 EXTERNAL VECTORING 


External interrupt vectoring occurs whenever the 
80186 interrupt controller is placed in cascade mode, 
special fully nested mode, or slave mode (and the inte- 
grated controller is not enabled by the external master 
interrupt controller). In this mode, the 80186 generates 
two interrupt acknowledge cycles, reading the in-ter- 
rupt type off the lower 8 bits of the address/data bus on 
the second interrupt acknowledge cycle (see Figure 59). 
This interrupt response is exactly the same as the 8086, 
so that the 8259A interrupt controller can be used ex- 
actly as it would in an 8086 system. Notice that 


the two interrupt acknowledge cycles are LOCKED, 
and that two idle T-states are always inserted between 


the two interrupt acknowledge bus cycles, and that wait 


states will be inserted in the interrupt acknowledge cy- 
cle if a ready is not returned to the processor. Also 
notice that the 80186 provides two interrupt acknowl- 
edge signals, one for interrupts signaled by the INTO 
line, and one for interrupts signaled, by the INT1 line 
(on the INT2/INTAO and INT3/INTA1 lines, respec- 
tively). These two interrupt acknowledge signals are 
mutually exclusive. Interrupt acknowledge status will 
be driven on the status lines (SO-S2) when either 
INT2/INTAO or INT3/INTA1 signal an interrupt ac- 
knowledge. 


6.5.4 EFFECT OF LOCK PREFIX ON 
INTERRUPT ACKNOWLEDGE CYCLES 


When the interrupt controller is operating in either the 
cascade or slave modes and an interrupt occurs during 
an instruction that has been LOCKED by software, the 
LOCK signal timing shown in Figures 58 and 59 may 
be altered. Some peripheral devices used with the 80186 
require contiguous INTA cycles to allow correct inter- 
rupt controller response. In such cases, the external cir- 
cuitry in Figure 60 should be used to ensure that DMA 
or HOLD requests are blocked from “stealing” the bus 
during INTA cycles. 


6.6 Interrupt Controller External 
Connections 


The four interrupt signals can be programmably config- 
ured into 3 major options. These are direct interrupt 
inputs (with the integrated controller providing the in- 
terrupt vector), cascaded (with an external interrupt 
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Figure 60. Circuit Blocking DMA or HOLD Request Between INTA Cycles 


controller providing the interrupt vector), or slave 
mode. In all these modes, any interrupt presented to the 
external lines must remain set until the interrupt is ac- 
knowledged. | 


6.6.1 DIRECT INPUT MODE 


When the Cascade mode bits are cleared, the interrupt 
input lines are configured as direct interrupt input lines 
(see Figure 61). In this mode an interrupt source (e.g., 
an 8272 floppy disk controller) may be directly con- 
nected to the interrupt input line. Whenever an inter- 
rupt is received on the input line, the integrated con- 
troller will do nothing unless the interrupt is enabled, 
and it is the highest priority pending interrupt. At this 
time, the interrupt controller will present the interrupt 
to the CPU and wait for an interrupt acknowledge. 
When the acknowledge occurs, it will present the inter- 
rupt vector address to the CPU. In this mode, the CPU 
will not run any interrupt acknowledge cycles. 


INTERRUPT 


SOURCES 
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Figure 61. 80186 Non-Cascaded Interrupt 
Connection 


These lines can be individually programmed in either 
edge or level triggered mode using their respective con- 
trol registers. In edge triggered mode, a low-to-high 
transition must occur before the interrupt will be gener- 
ated to the CPU, while in level triggered mode, only a 
high level must be present on the input for an interrupt 
to be generated. In edge trigger mode, the interrupt 
input must also be low for at least 1 CPU clock cycle to 
insure recognition. In both modes, the interrupt input 
must remain active until acknowledged. 


6.6.2 CASCADE MODE 


When the Cascade mode bit is set and the SFNM bit is 
cleared, the interrupt input lines are configured in cas- 
cade mode. In this mode, the interrupt input line is 
paired with an interrupt acknowledge line. The INT2/ 
INTAO and INT3/INTAI lines are dual purpose; they 
can function as direct input lines, or they can function 
as interrupt acknowledge outputs. INT2/INTAO pro- 
vides the interrupt acknowledge for an INTO input, and 
INT3/INTA1 provides the interrupt acknowledge for 
an INT1 input. Figure 62 shows this connection. 


When programmed in this mode, in response to an in- 
terrupt request on the INTO line, the 80186 will provide 
two interrupt acknowledge pulses. These pulses will be 
provided on the INT2/INTAO line, and will also be 
reflected by interrupt acknowledge status being gener- 
ated on the SO-—S2 status lines. On the second pulse, the 
interrupt type will be read in. The 80186 externally vec- 
tored interrupt response is covered in more detail in 
Section 6.5. 
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Figure 62. 80186 Cascade and Special Fully 
Nested Mode Interface 


INTO/INT2/INTAO and INT1/INT3/INTAI may be 
individually programmed into interrupt request/ac- 
knowledge pairs, or programmed as direct inputs. This 
means that INTO/INT2/INTAO may be programmed 
as an interrupt/acknowledge pair, while INT1 and 
INT3/INTA1 each provide separate internally vec- 
tored interrupt inputs. 


When an interrupt is received on a cascaded interrupt, 
the priority mask bits and the in-service bits in the par- 
ticular interrupt control register will be set into the in- 
terrupt controller’s mask and priority mask registers. 
This will prevent the controller from generating an 
80186 CPU interrupt request from a lower priority in- 
terrupt. Also, since the in-service bit is set, any subse- 
quent interrupt requests on the particular interrupt in- 
put line will not cause the integrated interrupt control- 
ler to generate an interrupt request to the 80186 CPU. 
This means that if the external interrupt controller re- 
ceives a higher priority interrupt request on one of its 
interrupt request lines and presents it to the 80186 in- 
terrupt request line, it will not subsequently be present- 
ed to the 80186 CPU by the integrated interrupt con- 
troller until the in-service bit for the interrupt line has 
been cleared. 


6.6.3 SPECIAL FULLY NESTED MODE 


When both the Cascade mode bit and the SFNM bit are 
set, the interrupt input lines are configured in Special 
Fully Nested Mode. The external interface in this mode 
is exactly as in Cascade Mode. The only difference is in 
the conditions allowing an interrupt from the external 
interrupt controller to the integrated interrupt control- 
ler to interrupt the 80186 CPU. 


When an interrupt is received from a special fully nest- 
ed mode interrupt line, it will interrupt the 80186 CPU 
if it is the highest priority interrupt pending regardless 
of the state of the in-service bit for the interrupt source 
in the interrupt controller. When an interrupt is ac- 
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knowledged from a special fully nested mode interrupt 
line, the priority mask bits and the in-service bits in the 
particular interrupt control register will be set into the 
interrupt controller’s in-service and priority mask regis- 
ters. This will prevent the interrupt controller from 
generating an 80186 CPU interrupt request from a low- 
er priority interrupt. Unlike cascade mode, however, 
the interrupt controller will not prevent additional in- 
terrupt requests generated by the same external inter- 
rupt controller from interrupting the 80186 CPU. This 
means that if the external (cascaded) interrupt control- 
ler receives a higher priority interrupt request on one of 
its interrupt request lines and presents it to the integrat- 
ed controller’s interrupt request line, it may cause an 
interrupt to be generated to the 80186 CPU, regardless 
of the state of the in-service bit for the interrupt line. 


If the SFNM mode bit is set and the Cascade mode bit 
is not also set, the controller will provide internal inter- 
rupt vectoring. It will also ignore the state of the in- 
service bit in determining whether to present an inter- 
rupt request to the CPU. In other words, it will use the 
SFNM conditions of interrupt generation with an inter- 
nally vectored interrupt response, i.e., if the interrupt 
pending is the highest priority type pending, it will 
cause a CPU interrupt regardless of the state of the in- 
service bit for the interrupt. 


6.6.4 SLAVE MODE 


When the SLAVE/MASTER bit in the peripheral relo- 
cation register is set, the interrupt controller is set into 
slave mode. In this mode, all four interrupt controller 
input lines are used to perform the necessary handshak- 
ing with the external master interrupt controller. Fig- 
ure 63 shows the hardware configuration of the 80186 
interrupt lines with an external controller in slave 
mode. 
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Figure 63. 80186 Slave Mode Interface 
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Because the integrated interrupt controller is a slave 
controller, it must be able to generate an interrupt input 
for an external interrupt controller. It also must be sig- 
naled when it has the highest priority pending interrupt 
to know when to place its interrupt vector on the bus. 
These two signals are provided by the INT3/Slave In- 
terrupt Output and INT1/Slave Select lines, respective- 
ly. The external master interrupt controller must be 
able to interrupt the 80186 CPU, and needs to know 
when the interrupt request is acknowledged. The INTO 
and INT2/INTAO lines provide these two functions. 


6.7 Example 8259A/Cascade Mode 
Interface 


Figure 64 shows the 80186 and 8259A in cascade inter- 
rupt mode. The code to initialize the 80186 interrupt 
controller is given in Appendix E. Notice that an “‘in- 
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terrupt ready” signal must be returned to the 80186 to 
prevent the generation of wait states in response to the 
interrupt acknowledge cycles. In this configuration the 
INTO and INT2 lines are used as direct interrupt input 
lines. Thus, this configuration provides 10 external in- 
terrupt lines: 2 provided by the 80186 interrupt control- 
ler itself, and 8 from the external 8259A. Also, the 
8259A is configured as a master interrupt controller. It 
will only receive interrupt acknowledge pulses in re- 
sponse to an interrupt it has generated. It may be cas- 
caded again to up to 8 additional 8259As (each of 
which would be configured in slave mode). 


6.8 Interrupt Latency 


Interrupt latency time is the time from when the 80186 
receives the interrupt to the time it begins to respond to 
the interrupt. This is different from interrupt response 


EXTERNAL 
INTERRUPTS 
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Figure 64. 80186/8259A Interrupt Cascading 
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time, which is the time from when the processor actual- 
ly begins processing the interrupt to when it actually 
executes the first instruction of the interrupt service 
routine. The factors affecting interrupt latency are the 
intstruction being executed and the state of the inter- 
rupt enable flip-flop. 


Interrupts will be acknowledged only if the interrupt 
enable flip-flop in the CPU is set. Thus, interrupt laten- 
cy will be very long indeed if interrupts are never en- 
abled by the processor! 


When interrupts are enabled in the CPU, the interrupt 
latency is a function of the instructions being executed. 
Only repeated instructions will be interrupted before 
being completed, and those only between their respec- 
tive iterations. This means that the interrupt latency 
time could be as long as 69 CPU clocks, which is the 
time it takes the processor to execute an integer divide 
instruction (with a segment override prefix, see below), 
the longest single instruction on the 80186. 


Other factors can affect interrupt latency. An interrupt 
will not be accepted between the execution of a prefix 
(such as segment override prefixes and lock prefixes) 
and the instruction. In addition, an interrupt will not be 
accepted between an instruction which modifies any of 
the segment registers and the instruction immediately 
following the instruction. This is required to allow the 
stack to be changed. If the interrupt were accepted, the 
return address from the interrupt would be placed on a 
stack which was not valid (the Stack Segment register 
would have been modified but the Stack Pointer regis- 
ter would not have been). Finally, an interrupt will not 
be accepted between the execution of the WAIT in- 
struction and the instruction immediately following it if 
the TEST input is active. If the WAIT sees the TEST 
input inactive, however, the interrupt will be accepted, 
and the WAIT will be re-executed after the interrupt 
. return. This is required, since the WAIT is used to pre- 
vent execution by the 80186 of an 8087 instruction 
while the 8087 is busy. 
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7.0 CLOCK GENERATOR 


The 80186 includes a clock generator which generates 
the main clock signal for all 80186 integrated compo- 
nents, and all CPU synchronous devices in the 80186 
system. This clock generator includes a crystal oscilla- 
tor, divide by two counter, reset circuitry, and ready 
generation logic. A block diagram of the clock genera- 
tor is shown in Figure 65. 
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7.1 Crystal Oscillator 


The 80186 crystal oscillator is a parallel resonant, 
Pierce oscillator. It was designed to be used as shown in 
Figure 66. The capacitor values shown are approxi- 
mate. As the crystal frequency drops, they should be 
increased, so that at the 4 MHz minimum crystal fre- 
quency supported by the 80186 they take on a value of 
30 pF. The output of this oscillator is not directly avail- 
able outside the 80186. 


_ The following parameters may be used for choosing a 


crystal: 
Temperature Range: 0 to 70°C 
ESR (Equivalent Series Resistance): 302. max 
Co (Shunt Capacitance of Crystal): 7.0 pF max 
C, (Load Capacitance): 20 pF +2 pF 
Drive Level: 1 mW max 


a 


GENERATION 


READY a 
READY 


RESET CPU RESET 
CIRCUIT & 
RESET OUTPUT 
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Figure 65. 80186 Clock Generator Block Diagram 
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Figure 67. 80186 Clock Generator Reset 


7.2 Using an External Oscillator 


An external oscillator may be used with the 80186. The 
external frequency input (EFI) signal is connected di- 
rectly to the X1 input of the oscillator. X2 should be 
left open. This oscillator input is used to drive an inter- 
nal divide-by-two counter to generate the CPU clock 
signal, so the external frequency input can be of practi- 
cally any duty cycle, so long as the minimum high and 
low times for the signal (as stated in the data sheet) are 
met. 


7.3 Clock Generator 


The output of the crystal oscillator (or the external fre- 
quency input) drives a divide by two circuit which gen- 
erates a 50% duty cycle clock for the 80186 system. All 
80186 timing is referenced to this signal, which is avail- 
able on the CLKOUT pin of the 80186. This signal will 
change state on the high-to-low transition of the EFI 
signal. 


7.4 Ready Generation 


The clock generator also includes the circuitry required 
for ready generation. Interfacing to the SRDY and 
ARDY inputs this provides is covered in Section 3.1.6. 


7.5 Reset 


The 80186 clock generator also provides a synchroniz- 
ed reset signal for the system. This signal is generated 
from the reset input (RES) to the 80186. The clock 
generator synchronizes this signal to the clockout sig- 
nal. 


The reset input signal also resets the divide-by-two 
counter. A one clock cycle internal clear pulse is gener- 
ated when the RES input signal first goes active. This 
clear pulse goes active beginning on the first low-to- 
high transition of the X1 input after RES goes active, 
and goes inactive on the next low-to-high transition of 
the X1 input. In order to insure that the clear pulse is 
generated on the next EFI cycle, the RES input signal 
must satisfy a 25 ns setup time to the high-to-low EFI 
input signal (see Figure 67). During this clear, clockout 


will be high. On the next high-to-low transition of X1, 
clockout will go low, and will change state on every 
subsequent high-to-low transition of EFI. 


The reset signal presented to the rest of the 80186, and 
also the signal present on the RESET output pin of the 
80186 is synchronized by the high-to-low transition of 
the clockout signal of the 80186. This signal remains 
active as long as the RES input also remains active. 
After the RES input goes inactive, the 80186 will begin 
to fetch its first instruction (at memory location 
FFFFOH) after 6 1/2 CPU clock cycles (i.e., T; of the 
first instruction fetch will occur 6 1/2 clock cycles lat- 
er). To insure that the RESET ouput will go inactive on 
the next CPU clock cycle, the inactive going edge of the 
RES input must satisfy certain hold and setup times to 
the low-to-high edge of the clockout signal of the 80186 
(see Figure 68). 


CLKOUT 
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Figure 68. 80186 Coming out of Reset 


8.0 CHIP SELECTS 


The 80186 includes a chip select unit which generates 
hardware chip select signals for memory and I/O ac- 
cesses generated by the 80186 CPU and DMA units. 
This unit is programmable such that it can be used to 
fulfill the chip select requirements (in terms of memory 
device or bank size and speed) of most small and medi- 
um sized 80186 systems. 


The chip selects are driven only for internally generated 
bus cycles. Any cycles generated by an external unit 
(e.g., an external DMA controller) will not cause the 
chip selects to go active. Thus, any external bus masters 
must be responsible for their own chip select genera- 
tion. Also, during a bus HOLD, the 80186 does not 
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Figure 69. 80186/External Chip Select/Device Chip Select Generation 


float the chip select lines. Therefore, logic must be in- 
cluded to enable the devices which the external bus 
master wishes to access (see Figure 69). 


8.1 Memory Chip Selects | 


The 80186 provides six discrete chip select lines which 
are meant to be connected to memory components in 
an 80186 system. These signals are named UCS, LCS, 
and MCSO-3 for Upper Memory Chip Select, Lower 
Memory Chip Select and Midrange Memory Chip Se- 
lect 0-3. They are meant (but not limited) to be con- 
nected to the three major areas of the 80186 system 
memory (see Figure 70). 


FFFFF 
STARTUP 


PROGRAM 
MEMORY 


INTERRUPT 


VECTOR 


TABLE 
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Figure 70. 80186 Memory Areas & Chip Selects 


As could be guessed by their names, upper memory, 
lower memory, and mid-range memory chip selects are 
designed to address upper, lower, and middle areas of 
memory in an 80186 system. The upper limit of UCS 
and the lower limit of LCS are fixed at FFFFFH and 
0O0000H in memory space, respectively. The other limit 
of these is set by the memory size programmed into the 
control register for the chip select line. Mid-range 
memory allows both the base address and the block size 
of the memory area to be programmed. The only limi- 
tation is that the base address must be programmed to 
be an integer multiple of the total block size. For exam- 


ple, if the block size was 128K bytes (4 32K byte 
chunks) the base address could be 0 or 20000H, but not 
10000H. 


The memory chip selects are controlled by 4 registers in 
the peripheral control block (see Figure 71). These in- 
clude 1 each for UCS and LCS, the values of which 
determine the size of the memory blocks addressed by 
these two lines. The other two registers are used to 
control the size and base address of the mid-range 
memory block. 


On reset, only UCS is active. It is programmed by reset 
to be active for the top 1K memory block, to insert 3 
wait states to all memory fetches, and to factor external 
ready for every memory fetch (see Section 8.3 for more 
information on internal ready generation). All other 
chip select registers assume indeterminate states after 
reset, but none of the other chip select lines will be 
active until all necessary registers for a signal have been 
accessed (not necessarily written, a read to an uninitial- 
ized register will enable the chip select function con- 
trolled by that register). 


8.2 Peripheral Chip Selects 


The 80186 provides seven discrete chip select lines 
which are meant to be connected to peripheral compo- 
nents in an 80186 system. These signals are named 
PCSO-6. Each of these lines is active for one of seven 
continuous 128 byte areas in memory or I/O space 
above a programmed base address. 


The peripheral chip selects are controlled by two regis- 
ters in the internal peripheral control block (see Figure 
71). These registers allow the base address of the pe- 
ripherals to be set, and allow the peripherals to be 
mapped into memory or I/O space. Both of these regis- 
ters must be accessed before any of the peripheral chip 
selects will become active. 


A bit in the MPCS register allows PCS5 and PCS6 to 
become latched Al and A2 outputs. When this option 
is selected, PCS5 and PCS6 will reflect the state of Al 
and A2 throughout a bus cycle. These are provided to 
allow external peripheral register selection in a system 
in which the addresses are not latched. Upon reset, 
these lines are driven high. They will only reflect Al 
and A2 after both PACS and MPCS have been ac- 
cesssed (and are programmed to provide Al and A2!). 


22-292 


OFFSET: 


_ | UPPER MEMORY SIZE . Feet UMCS 
LOWER MEMORY SIZE | ® | LMCS 
PERIPHERAL CHIP SELECT BASE ADDRESS fo) PACS 


MID-RANGE MEMORY BASE ADDRESS 


MID-RANGE MEMORY SIZE ite Re ol MPCS 


NOTES: 

1. Upper memory ready bits 

2. Lower memory ready bits 

3. PCSO-PCS3 ready bits 

4. Mid-range memory ready bits 

5. PCS4-—PCS6 ready bits 

6. MS: 1 = Peripherals active in memory space 
0 = Peripherals active in |/O space 
EX:1 = 7 PCS lines 
0 = PCS5 = A1, PCS6 = A2 


Not all bits of every field are used 
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Figure 71. 80186 Chip Select Control Registers 


8.3 Ready Generation 


The 80186 includes a ready generation unit. This unit 
generates an internal ready signal for all accesses to 
memory or I/O areas to which the chip select circuitry 
of the 80186 responds. 


For each ready generation area, 0O—3 wait states may be 
inserted by the internal unit. Table 6 shows how the 
ready control bits should be programmed to provide 
this. In addition, the ready generation circuit may be 
programmed to ignore the state of the external ready 
(i.e., only the internal ready circuit will be used) or to 
factor the state of the external ready (i.e., a ready will 
be returned to the processor only after both the internal 
ready circuit has gone ready and the external ready has 
gone ready). Some kind of circuit must be included to 
generate an external ready, however, since upon reset 
the ready generator is programmed to factor external 
ready to all accesses to the top 1K byte memory block. 
If a ready was not returned on one of the external ready 
lines (ARDY or SRDY) the processor would wait for- 
ever to fetch its first instruction. 


Table 6. 80186 Wait State Programming 


/R2|R1| Ro | Number of WaitStates 


0 + external ready 
1 + external ready 
2+ external ready 
3 + external ready 
0 (no external ready required) 
1 (no external ready required) 
2 (no external ready required) 
3 (no external ready required) 


—_ st - = CO CO OO 
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8.4 Examples of Chip Select Usage 


Many examples of the use of the chip select lines are 
given in the bus interface section of this note (Section 
3.2). These examples show how simple it is to use the 
chip select function provided by the 80186. The key 
point to remember when using the chip select function 
is that they are only activated during bus cycles gener- 
ated by the 80186 CPU or DMA units. When another 
master has the bus, it must generate its own chip select 
function. In addition, whenever the bus is given by the 
80186 to an external master (through the HOLD/ 
HLDA arrangement) the 80186 does NOT float the 
chip select lines. 


8.5 Overlapping Chip Select Areas 


Generally, the chip selects of the 80186 should not be 
programmed such that any two areas overlap. In addi- 
tion, none of the programmed chip select areas should 
overlap any of the locations of the integrated 256-byte 
control register block. The consequences of doing this 
are: 


Whenever two chip select lines are programmed to re- 
spond to the same area, both will be activated during 
any access to that area. When this is done, the ready 
bits for both areas must be programmed to the same 
value. If this is not done, the processor response to an 
access in this area is indeterminate. This rule also ap- 
plies to overlapping chip selects with the integrated 
control block. 
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If any of the chip select areas overlap the integrated 
256-byte control block, the timing on the chip select 
line is altered. An access to the control block will tem- 
porarily activate the corresponding chip select pin, but 
it will go inactive prematurely. 


9.0 SOFTWARE IN AN 80186 SYSTEM 


Since the 80186 is object code compatible with the 8086 
and 8088, the software in an 80186 system is very simi- 
lar to that in an 8086 system. Because of the hardware 
chip select functions, however, a certain amount of ini- 
tialization code must be included when using those 
functions on the 80186. 


9.1 System Initialization in an 
80186 System 


Most programmable components of a computer system 
must be initialized before they are used. This is also 
true for the 80186. The 80186 includes circuitry which 
directly affects the ability of the system to address 
memory and I/O devices, namely the chip select cir- 
cuitry. This circuitry must be initialized before the 
memory areas and peripheral devices addressed by the 
chip select signals are used. 


Upon reset, the UMCS register is programmed to be 
active for all memory fetches within the top 1K byte of 
memory space. It is also programmed to insert three 
wait states to all memory accesses within this space. If 
the hardware chip selects are used, they must be pro- 
grammed before the processor leaves this 1K byte area 
of memory. If a jump to an area for which the chips are 
not selected occurs, the microcomputer system will 
cease to operate (since the processor will fetch garbage 
from the data bus). Appendix F shows a typical initiali- 
zation sequence for the 80186 chip select unit. 


Once the chip selects have been properly initialized, the 
rest of the 80186 system may be initialized much like an 
8086 system. For example, the interrupt vector table 
might get set up, the interrupt controller initialized, a 
serial I/O channel initialized, and the main program 
begun. Note that the integrated peripherals included in 
the 80186 do not share the same programming model 
as the standard Intel peripherals used to implement 
these functions in a typical 8086 system, i.e. different 
values must be programmed into different registers to 
achieve the same function using the integrated periph- 
erals. Appendix F shows a typical initialization se- 
quence for an interrupt driven system using the 80186 
interrupt controller. 
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9.2 Instruction Execution Differences 


between the 8086 and 80186 


There are a few instruction execution differences be- 
tween the 8086 and the 80186. These differences are: 


UNDEFINED OPCODES: 


When the opcodes 63H, 64H, 65H, 66H, 67H, F1H, | 
FEH XX111XXXB and FFH XX111XXXB are exe- © 


cuted, the 80186 will execute an illegal instruction ex- 


ception, interrupt type 6. The 8086 will ignore the op- 


code. 


OFH OPCODE: 


When the opcode OFH is encountered, the 8086 will 
execute a POP CS, while the 80186 will excecute an 
illegal instruction exception, interrupt type 6. 


WORD WRITE AT OFFSET FFFFH: 


y, 4 4 
* ge. a ‘ 
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When a word write is performed at offset FFFFH in a | 


segment, the 8086 will write one byte at offset FFFFH, 


and the other at offset 0, while the 80186 will write one © 


byte at offset FFFFH, and the other at offset 10000H 
(one byte beyond the end of the segment). One byte 
segment underflow will also occur (on the 80186) if a 


stack PUSH is executed and the Stack Pointer contains — 


the value 1. 


SHIFT/ROTATE BY VALUE GREATER THAN 31: © 


Before the 80186 performs a shift or rotate by a value ~ 


(either in the CL register, or by an immediate value) it 


ANDs the value with 1FH, limiting the number of bits © 


rotated to less than 32. The 8086 does not do this. 


LOCK PREFIX: 


The 8086 activates its LOCK signal immediately after 
executing the LOCK prefix. The 80186 does not acti- 
vate the LOCK signal until the processor is ready to 
begin the data cycles associated with the LOCKed in- 
struction. 


NOTE: 
When executing more than one LOCKed instruction, 
always make sure there are 6 bytes of code between 


the end of the first LOCKed instruction and the start 


of the second LOCK ed instruction. 
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INTERRUPTED STRING MOVE INSTRUCTIONS: 


If an 8086 is interrupted during the execution of a re- 
peated string move instruction, the return value it will 
push on the stack will point to the last prefix instruc- 
tion before the string move instruction. If the instruc- 
tion had more than one prefix (e.g., a segment override 
prefix in addition to the repeat prefix), it will not be re- 
executed upon returning from the interrupt. The 80186 
will push the value of the first prefix to the repeated 
instruction, so long as prefixes are not repeated, allow- 
ing the string instruction to properly resume. 


CONDITIONS CAUSING DIVIDE ERROR WITH 
AN INTEGER DIVIDE: 


The 8086 will cause a divide error whenever the abso- 
lute value of the quotient is greater than 7FFFH (for 
word operations) or if the absolute value of the quotient 
is greater than 7FH (for byte operations). The 80186 
has expanded the range of negative numbers allowed as 
a quotient by 1 to include 8000H and 80H. These num- 
bers represent the most negative numbers representable 
using 2’s complement arithmetic (equaling — 32768 and 
— 128 in decimal, respectively). 


ESC OPCODE: 


The 80186 may be programmed to cause an interrupt 
type 7 whenever an ESCape instruction (used for co- 
processors like the 8087) is executed. The 8086 has no 
such provision. Before the 80186 performs this trap, it 
must be programmed to do so. 
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These differences can be used to determine whether the 
program is being executed on an 8086 or an 80186. 
Probably the safest execution difference to use for this 
purpose is the difference in multiple bit shifts. For ex- 
ample, if a multiple bit shift is programmed where the 
shift count (stored in the CL register!) is 33, the 8086 
will shift the value 33 bits, whereas the 80186 will shift 
it only a single bit. 


In addition to the instruction execution differences not- 
ed above, the 80186 includes a number of new instruc- 
tion types, which simplify assembly language program- 
ming of the processor, and enhance the performance of 
higher level languages running on the processor. These 
new instructions are covered in depth in the 
8086/80186 users manual and in Appendix H of this 
note. 


10.0 CONCLUSIONS 


The 80186 is a glittering example of state-of-the-art in- 
tegrated circuit technology applied to make the job of 
the microprocessor system designer simpler and faster. 
Because many of the required peripherals and their in- 
terfaces have been cast in silicon, and because of the 
timing and drive latitudes provided by the part, the 
designer is free to concentrate on other issues of system 
design. As a result, systems designed around the 80186 
allow applications where no other processor has been 
able to provide the necessary performance at a compa- 
rable size or cost. 
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APPENDIX A 
PERIPHERAL CONTROL BLOCK 


All the integrated peripherals within the 80186 micro- 
processor are controlled by sets of registers contained 
within an integrated peripheral control block. The reg- 
isters are physically located within the peripheral devic- 
es they control, but are addressed as a single block of 
registers. This set of registers encompasses 256 contigu- 
ous bytes and can be located on any 256 byte boundary 
of the 80186 memory or I/O space. A map of these 
registers is shown in Figure A-1; any unused bytes are 
reserved. 


A.1 SETTING THE BASE LOCATION 
OF THE PERIPHERAL CONTROL 
BLOCK : 


In addition to the control registers for each of the inte- 
grated 80186 peripheral devices, the peripheral control 


block contains the peripheral control block relocation 
register. This register allows the peripheral control 
block to be re-located on any 256 byte boundary within 
the processor’s memory or I/O space. Figure A-2 
shows the layout of this register. 


This register is located at offset FEH within the periph- 
eral control block. Since it is itself contained within the 
peripheral control block, any time the location of the 
peripheral control block is moved, the location of the 
relocation registers will also move. 


In addition to the peripheral control block relocation 
information, the relocation register contains two addi- 
tional bits. One is used to set the interrupt controller 
into slave mode. The other is used to force the proces- 
sor to trap whenever an ESCape (coprocessor) instruc- 
tion is encountered. 


Relocation Register 


DMA Descriptors Channel 1 


DMA Descriptors Channel 0 


Chip-Select Control Registers 


Timer 2 Control Registers 


Timer 1 Control Registers 


Timer 0 Control Registers 


Interrupt Controller Registers 
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Figure A-1. 80186 Integrated Peripheral Control Block 
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OFFSET: FEH SLAVE/MASTER Ez M/IO Relocation Address Bits R19-R8 
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NOTES: 
ET = ESC Trap / No ESC Trap (1/0) » 


M/IO = Register Block Located in Memory / |/O Space (1/0) 
SLAVE/MASTER = Master Interrupt Controller Mode / Slave 


Interrupt Controller Mode (0/1) 


Figure A-2. 80186 Relocation Register Layout 


Because the relocation register is contained within the 
peripheral control block, upon reset the relocation reg- 
ister is automatically programmed with the value 
20 FFH. This means that the peripheral control block 
will be located at the very top (FFOOH to FFFFH) of 
I/O space. Thus, after reset the relocation register will 
be located at word location FFFEH in I/O space. 


If the user wished to locate the peripheral control block 
starting at memory location 10000H he would program 
the peripheral control register with the value 1100H. 
By doing this, he would move all registers within the 
integrated peripheral control block to memory loca- 
tions 10000H to 100FFH. Note that since the reloca- 
tion register is contained within the peripheral control 


block, it too would move to word location 1OOFEH in | 


memory space. 


Whenever mapping the 188 peripheral control block to 
another location, the programming of the relocation 
register should be done with a byte write (i.e, OUT 
DX,AL). Any access to the control block is done 16 
bits at a time. Thus, internally, the relocation register 
will get written with 16 bits of the AX register while 
externally, the BIU will run only one 8 bit bus cycle. If 
a word instruction is used (i.e, OUT DX,AX), the relo- 
cation register will be written on the first bus cycle. The 
BIU will then run a second bus cycle which is unneces- 
sary. The address of the second bus cycle will no longer 
be within the control block (i.e., the control block was 
moved on the first cycle), and therefore, will require the 
generation of an external ready signal to complete the 
cycle. For this reason we recommend byte operations to 
the relocation register. Byte instructions may also be 
used for the other registers in the control block and will 
eliminate half of the bus cycles required if a word oper- 
ation had been specified. Byte operations are only valid 
on even addresses though, and are undefined on odd 
addresses. 


A.2 Peripheral Control Block 
Registers 


Each of the integrated peripherals’ control and status 
registers are located at a fixed location above the pro- 
grammed base location of the peripheral control block. 


_ There are many locations within the peripheral control 


block which are not assigned to any peripheral. If a 
write is made to any of these locations, the bus cycle 
will be run, but the value will not be stored in any 
internal location. This means that if a subsequent read 
is made to the same location, the value written will not 
be read back. 


The processor will run an external bus cycle for any 
memory or I/O cycle which accesses a location within 
the integrated control block. This means that the ad- 
dress, data, and control information will be driven on 
the 80186 external pins just as if a “‘normal’’ bus cycle 
had been run. Any information returned by an external 
device will be ignored, however, even if the access was 
to a location which does not correspond to any of the 
integrated peripheral control registers. The above is 
also true for the 80188, except that the word access 
made to the integrated registers will be performed in a 
single bus cycle internally, while externally, the BIU 
runs two bus cycles. 


The processor internally generates a ready signal when- 
ever any of the integrated peripherals are accessed; thus 
any external ready signals are ignored whenever an ac- 
cess is made to any location within the integrated pe- 
ripheral register control block. This ready will also be 
returned if an access is made to a location within the 
256 byte area of the peripheral control block which 
does not correspond to any integrated peripheral con- 
trol register. The processor will insert 0 wait states to 
any access within the integrated peripheral control 
block except for accesses to the timer registers. ANY 
access to the timer control and counting registers will 
incur 1 wait state. This wait state is required to proper- 
ly multiplex processor and counter element accesses to 
the timer control registers. 
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All accesses made to the integrated peripheral control | 


block will be WORD accesses. Any write to the inte- 


grated registers will modify all 16 bits of the register, 
whether the opcode specified a byte write or a word © 


write. A byte read from an even location should cause 
no problems, but the data returned when a byte read is 
performed from an odd address within the peripheral 


control block is undefined. This is true both for the © 


80186 AND the 80188. As stated above, even though 


the 80188 has an external 8 bit data bus, internally it is 
still a 16 bit machine. Thus, the word accesses per- 
formed to the integrated registers by the 80188 will 
each occur in a single bus cycle internally while exter- 
nally the BIU runs two bus cycles. The DMA control- 
ler must not be used for either read or write accesses to 


the peripheral control block. 
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APPENDIX B 
80186 SYNCHRONIZATION INFORMATION 


Many input signals to the 80186 are asynchronous, that 
is, a specified set up or hold time is not required to 
insure proper functioning of the device. Associated 
with each of these inputs is a synchronizer which sam- 
ples this external asynchronous signal, and synchroniz- 
es it to the internal 80186 clock. 


B.1 WHY SYNCHRONIZERS ARE 
REQUIRED 


Every data latch requires a certain set up and hold time 
in order to operate properly. At a certain window with- 
in the specified set up and hold time, the part will actu- 
ally try to latch the data. If the input makes a transition 
within this window, the output will not attain a stable 
state within the given output delay time. The size of 
this sampling window is typically much smaller than 
the actual window specified by the data sheet, however 
part to part variation could move this window around 
within the specified window in the data sheet. 


Even if the input to a data latch makes a transition 


while a data latch is attempting to latch this input, the: 


output of the latch will attain a stable state after a cer- 
tain amount of time, typically much longer than the 
normal strobe to output delay time. Figure B-1 shows a 
normal input to output strobed transition and one in 
which the input signal makes a transition during the 
latch’s sample window. In order to synchronize an 
asynchronous signal, all one needs to do is to sample 
the signal into one data latch, wait a certain amount of 
time, then latch it into a second data latch. Since the 
time between the strobe into the first data latch and the 
strobe into the second data latch allows the first data 
latch to attain a steady state (or to resolve the asyn- 
chronous signal), the second data latch will be present- 
ed with an input signal which satisfies any set up and 
hold time requirements it may have. 


Thus, the output of this second latch is a synchronous 
signal with respect to its strobe input. 


A synchronization failure can occur if the synchronizer 
fails to resolve the asynchronous transition within the 


SET-UP TIME |HOLD TIME 

hr 
ACTUAL SAMPLING INSTANT 
INVALID | 
INPUT 
RESPONSE 


RESOLUTION TIME l 


VALID | 


INPUT 


ciara a 
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Figure B-1. Valid and Invalid Latch Input 
Transitions and Responses 


time between the two latch’s strobe signals. The rate of 
failure is determined by the actual size of the sampling 
window of the data latch, and by the amount of time 
between the strobe signals of the two latches. Obvious- 
ly, as the sampling window gets smaller, the number of 
times an asynchronous transition will occur during the 
sampling window will drop. In addition, however, a 
smaller sampling window is also indicative of a faster 
resolution time for an input transition which manages 
to fall within the sampling window. 


B.2 80186 SYNCHRONIZERS 


The 80186 contains synchronizers on the RES, TEST, 
TmrIn0O-1, DRQO-1, NMI, INTO-3, ARDY, and 
HOLD input lines. Each of these synchronizers use the 
two stage synchronization technique described above 
(with some minor modifications for the ARDY line, see 
section 3.1.6). The sampling window of the latches is 
designed to be in the tens of pico-seconds, and should 
allow operation of the synchronizers with a mean time 
between failures of over 30 years assuming continuous 
operation. 
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APPENDIX C 
80186 EXAMPLE DMA INTERFACE CODE 


$mod 186 
assembly.example.80186.DMA-support 


This file contains an example procedure which initializes the 80186 DMA 
controller to perform the DMA transfers between the 80186 system and the 
8272 Floppy Disk Controller (FDC). It assumes that the 80186 
peripheral control block has not been moved from its reset location. 


equ word ptr [BP + 4] 
equ word ptr [BP + 6] 
equ word ptr [BP + 8] 
DMA.FROM.LOWER equ OFFCOh ; DMA register locations 
DMA.FROM.UPPER equ OFFC2h 
DMA_TO.LOWER equ OFFC4h 
DMA.TO.UPPER equ OFFC6h 
DMA.COUNT equ OFFC8h 
DMA.CONTROL equ OFFCAh 
DMA.TO.DISK.-CONTROL ~ equ 01486h ; destination synchronization 
, ; source to memory, incremented 
destination to 1/O 
no terminal count 
byte transfers 


DMA_FROM.DISK_CONTROLequ 0A046h ; source synchronization 
; source tol/O 
destination to memory, incr 
no terminal count 
' byte transfers . 
FDC.DMA equ 6B8h ; FDC DMA address 


FDC_DATA equ 688h ; FDC data register 
FDC.STATUS equ 680h ; FDC status register 


cgroup _ group code 

code segment public ‘code’ 
public set.dma_ 
assume _cs:cgroup 


set.dma (offset,to) programs the DMA channel to point one side to the 
disk DMA address, and the other to memory pointed to by ds:offset. If 
‘to’ = 0 then will be a transfer from disk to memory; if 
‘to’ = 1 then will be a transfer from memory to disk. The parameters to 
the routine are passed on the stack. 


et.dma. proc near 
enter 0,0 ; set stack addressability 
push AX ; ; Save registers used 
push BX 
push DX 
test arg2,1 ; check to see direction of 
; transfer 
jz from.disk 
; performing a transfer from memory to the disk controller 
mov AX,DS ; get the segment value 
rol AX,4 ; gen the upper 4 bits of the 
; physical address in the lower 4 
bits of the register 
210973-84 


22-300 


no.carry-from: 


from_disk: 


-AX,argl 
DX,DMA.FROM.LOWER 
DX,AX 
no.carry.from 
BX 


BX,AX 
DX,DMA.FROM.UPPER 
DX,AX | , 
AX,OFFFOh 


Or ee ee ee ee ee oe ee 


AX,BX 
DX,DMA.FROM.UPPER 
DX,AX 


AX,FDC_DMA 
DX,DMA.TO.LOWER 

DX,AX 

AX,AX 
DX,DMA.TO.UPPER 
DX,AX ak 
AX,DMA.TO.DISK.CONTROL; 
DX,DMA.CONTROL 


; performing a transfer from the disk to memory 


. 
, 


no.carry.to: 


mov 
rol 
mov 
out 
mov 
and 
add 
mov 
out 
jnc 
inc 
mov 
mov 
out 


mov 


mov 
out 
xor 
mov 
out 
mov 
mov 
out 
pop 
pop 
pop 


AX,DS 

AX,4 
DX,DMA.TO.UPPER 
DX,AX 
BX,AX 

AX,0FFFOh 

AX,argl 
DX,DMA.TO.LOWER 
DX,AX 

no.carry.to 

BX 


AX,BX 
DX,DMA.TO.UPPER 
DX,AX 


AX,FDC.DMA 


DX,DMA.FFROM.LOWER 
DX,AX 

AX,AX 
DX,DMA.FROM.UPPER 
DX,AX 


save the result... 

prgm the upper 4 bits of the 
DMA source register 

form the lower 16 bits of the 
physical address 

add the offset 
prgm the lower 16 bits of the 
DMA source register 

check for carry out of addition 
if carry out, then need to adj 
the upper 4 bits of the pointer 


prgm the low 16 bits of the DMA 
destination register 


zero the up 4 bits of the DMA 
destination register 


prgm the DMA ctl reg 
note: DMA may begin immediatly 
after this word is output 


AX,DMA.FROM_DISK.CONTROL 


DX,DMA-CONTROL 

DX,AX » 
DX 

BX 

AX 
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od 
es 


APPENDIX D 
80186 EXAMPLE TIMER INTERFACE CODE 


Smod 186 
name example.80186.timer.code 


; this file contains example 80186 timer routines. The first routine 

: sets up the timer and interrupt controller to cause the timer 

: to generate an interrupt every 10 milliseconds, and to service 
interrupt to implement a real time clock. Timer 2 is used in 

: this example because no input or output signals are required. 

: The code example assumes that the peripheral control block has 

: not been moved from its reset location (FFOO-FFFF in I/O space). 


arg equ word ptr [BP + 4] 

arg2 word ptr [BP + 6] 

arg3 word ptr [BP + 8] 

timer.2int 19 ; timer 2 has vector type 19 
timer_2control OFF66h 

timer.2max.ctl OFF62h 

timer-.int.ctl OFF32h ; interrupt controller regs 
eoi_register OFF22h 

interrupt.stat OFF30h 


data public ‘data’ 
hour_,minute.,second_,msec_ 

msec_ ” 

hour_ 

minute_ 

second_ 

data 


cgroup code 
dgroup data 


code segment public ‘code’ 
public _—set_time- 
assume __cs:code,ds:dgroup 


set.time(hour,minute,second) sets the time variables, initializes the 
80186 timer2 to provide interrupts every 10 milliseconds, and 
programs the interrupt vector for timer 2 


set.time. proc 
enter ; set stack addressability 
push ; Save registers used 
push 
push 
push 


xor ; set the interrupt vector 
the timers have unique 
interrupt 
vectors even though they share 
the same control register 


SI,4 * timer2Zint 
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set.time. 


timer2interruptroutine 


bump-minute: 


timer2_interrupt_routine 
code 


AX,argl 
hour,AL 
AX,arg2 
minute,AL 
AX,arg3 
second.,AL 
msec.,0 


DX,timer2.max-ctl 
AX,20000 


DX,AX 
DX,timer2.control 
AX, 11 1000000000000 b 


DX,AX 


DX, timer-int.ctl 
AX,0000b 


DX,AX 


SI 
DX 
AX 


minute.,59 
bump-hour 
minute. 
reseLintctl 
DX 

AX 
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word ptr DS: (SI],offset timer_2_interrupt_routine 
SI 

SI 
DS:[SI],CS 
DS 


set the time values 


set the max count value 
10 ms / 500 ns (timer 2 counts 
at 1/4 the CPU clock rate) 


set the control word 
enable counting 

generate interrupts on TC 
continuous counting 


set up the interrupt controller 
unmask interrupts 
highest priority interrupt 


enable processor interrupts 


see if one second has passed 
if above or equal... 


reset millisecond 
see if one minute has passed 


see if one hour has passed 
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minute.,0 
hour.,12 : ; see if 12 hours have passed 
resethour 
hour. 
reseLintctl 
reset.hour: 
: hour., | 
reseLintctl: 


mov DX,eoi-register 1 
mov AX,8000h ; non-specific end of interrupt 
out DX,AX 


pop DX 
pop AX 
ie iret 
timer2.interruptroutine endp 
code , ends 
end 


$mod 186 ines 
name example.80186.baud.code 


; this file contains example 80186 timer routines. The second routine 


sets up the timer as a baud rate generator. In this mode, | 
Timer 1 is used to continually output pulses with a period of 
6.5 usec for use with a serial controller at 9600 baud 
programmed in divide by 16 mode (the actual period required 
for 9600 baud is 6.51 usec). This assumes that the 80186 is 
running at 8 MHz. The code example also assumes that the 
peripheral control block has not been moved from its reset 
location (FFOO-FFFF in I/O space). 


timer! control equ OFFSEh 
timer]_max.cnt equ OFFSAh 


code segment public ‘code’ 
assume _cs:code 


set_baud() initializes the 80186 timer! as a baud rate generator for 
: a serial port running at 9600 baud 


set.baud. proc near 
push AX - ; Save registers used 
push DX ' 


mov DX,timer1l_max.cnt ; set the max count value 
mov AX, 13 $00ns * 13 = 6.5 usec 
out DX,AX 
mov DX,timer|-control ; set the control word 
mov AX,1100000000000001b , enable counting 
; nointerrupt on TC 
continuous counting 
single max count register 
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OF as; : ; : 22-304 


ret 


, 


set.count. proc 
push 
push 


mov 
mov 


e235 


ax 


set_baud_ — endp © 
code ends 
end uy 
_ $mod 186 | ‘ ota , 
name i example.80186.count.code 


; this file contains example 80186 timer routines. The third routine 


; sets up the timer as an external event counter. In this mode, 
: Timer 1 is used to count transitions on its input pin. After 

; the timer has been set up by the routine, the number of 

: events counted can be directly read from the timer count 

: register at location FFS8H in I/O space. The timer will 

; count a maximum of 65535 timer events before wrapping 

: around to zero. This code example also assumes that the 

: peripheral control block has not been moved from its reset 

: location (FFOO-FFFF in I/O space). 

timer] control equ OFFSEh 

timer|.max.cnt equ OFFSAh 
timer] -cntreg equ OFF58H 

code segment 


assume __cs:code 


; set.count() initializes the 80186 timer! as an event counter 


near 
AX 


DX 


DX,timerl.maxcnt 
AX,0 


DX,AX 


-DX,timer 1 control 
AX,1100000000000101b 


DX,AX 


AX,AX 
DX, timer 1 -cntreg 
DX,AX 


DX 
AX 
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+ sw" ak 


public ‘code’ 


" save registers used 


set the max count value 
allows the timer to count 
all the way to FFFFH 


set the control word 
enable counting 
no interrupt on TC 


- continuous counting 


single max count register 
external clocking 


zero AX 


and zero the count in the timer 


count register 
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APPENDIX E : 
80186 EXAMPLE INTERRUPT CONTROLLER 
INTERFACE CODE 


$mod 186 

name example.801 86_interrupt.code 

; This routine configures the 80186 interrupt controller to provide 

; two cascaded interrupt inputs (through an external 8259A 

: interrupt controller on pins INTO/INT2) and two direct 

: interrupt inputs (on pins INT! and INT3). The default priority 
" levels are used. Because of this, the priority level programmed 

: into the control register is set the 111, the level all 

: interrupts are programmed to at reset. 


intO.control equ OFF38H 
int.mask equ OFF28H 


code segment public ‘code’ 


assume CS:code 
seLint. proc near 

push DX 

push AX 


AX,0100111B 


DX, intO.control 
DX,AX 


AX,01001101B 


DX,int.mask 
DX,AX 

AX 

DX 


setint 
code 


$mod 186 
name example.80186_interrupt.code 


; This routine configures the 80186 interrupt controller into slave 

; mode. This code does not initialize any of the 80186 

: integrated peripheral control registers, nor does it initialize 
; the external 8259A interrupt controller. 


relocation.reg equ OFFFEH 


cascade mode 
interrupt unmasked 


now unmask the other external 
interrupts 


code segment public ‘code’ 


assume CS:code 
seLrmx. proc near 

push DX 

push AX 


DX, relocationreg 

AX,DX : 
AX,0100000000000000B : 
DX,AX 
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read old contents of register 


set the Slave/Master mode bit 
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name 


; This file contains a system initialization routine for the 80186 
; or the 8086. The code determines whether it is running on 
: an 80186 or an 8086, and if it is running on an 80186, it 


APPENDIX F 
80186/8086 EXAMPLE SYSTEM INITIALIZATION CODE 


example.80186_system_init 


initializes the integrated chip select registers. 


restart 


, 


segment at 


; This is the processor reset address at OFFFFOH 


restart 


init.hw 


: This segment initializes the chip selects. It must be located in the 
; top 1K to insure that the ROM remains selected in the 80186 
; system until the proper size of the select area can be programmed. 


UMCS.reg 
LMCS.reg 
PACS.reg 
MPCS.reg 
-UMCS.value 
LMCS.value 
PACS.value 
MPCS.value 


initialize 


org 0 
jmp far ptr initialize 
ends 


extrn monitor:far 
segment at 
assume CS:inithw 


OFFAOH 
OFFA2H 
OFFA4H 
OFFA8H 
0F038H 
07F8H 
007EH 
81B8H 


far 

AX,2 
CL,33 
AX,CL 
AX, 1 
not.80186 


DX,UMCS.reg 
AX,UMCS.value 
DX,AX 


DX,LMCS.reg 
AX,LMCS.value 
DX,AX 


DX,PACS.reg 


AX,PACS.value 

DX,AX 

DX,MPCS.reg 

AX,MPCS.value 
out DX,AX 


:; Now that the chip selects are all set up, the main program of the 
4 computer may be executed. 


not.801 86: 


initialize 
inithw 


jmp far ptr monitor 
endp 
ends 

end 
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OFFFOh 


chip select register locations 


; 64K, no wait states 


32K, no wait states 
peripheral base at 400H, 2 ws 
PCSS and 6 supplies, 
peripherals in I/O space 


determine if this is an 
8086 or an 80186 (checks 
to see if the multiple bit 
shift value was ANDed) 


program the UMCS register 


program the LMCS register 


set up the peripheral chip 
selects (note the mid-range 
memory chip selects are not 
needed in this system, and 


; are thus not initialized 
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MT ak 


~< Pd + 
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APPENDIX G 
80186 WAIT STATE PERFORMANCE 


Because the 80186 contains separate bus interface and 
execution units, the actual performance of the proces- 
sor will not degrade at a constant rate as wait states are 
added to the memory cycle time from the processor. 
The actual rate of performance degradation will depend 
on the type and mix of instructions actually encoun- 
tered in the user’s program. 


Shown below are two 80186 assembly language pro- 
grams, and the actual execution time for the two pro- 
grams as wait states are added to the memory system of 
the processor. These programs show the two extremes 
to which wait states will or will not affect system per- 
formance as wait states are introduced. 


Program 1 is very memory intensive. It performs many 
memory reads and writes using the more extensive 
memory addressing modes of the processor (which also 
take a greater number of bytes in the opcode for the 
instruction). As a result, the execution unit must con- 
stantly wait for the bus interface unit to fetch and per- 
form the memory cycles to allow it to continue. Thus, 
the execution time of this type of routine will grow 
quickly as wait states are added, since the execution 
time is almost totally limited to the speed at which the 
processor can run bus cycles. 


Note also that this program execution time calculated 
by merely summing up the number of clock cycles giv- 
en in the data sheet will typically be less than the actual 
number of clock cycles actually required to run the pro- 
gram. This is because the numbers quoted in the data 
sheet assume that the opcode bytes have been pre- 
fetched and reside in the 80186 prefetch queue for im- 
mediate access by the execution unit. If the execution 


$mod 186 
name 


unit cannot access the opcode bytes immediately upon 
request, dead clock cycles will be inserted in which the 
execution unit will remain idle, thus increasing the 
number of clock cycles required to complete execution 
of the program. 


On the other hand, program 2 is more CPU intensive. 
It performs many integer multiplies, during which time 
the bus interface unit can fill up the instruction prefetch 
queue in parallel with the execution unit performing the 
multiply. In this program, the bus interface unit can 
perform bus operations faster than the execution unit 
actually requires them to be run. In this case, the per- 
formance degradation is much less as wait states are 
added to the memory interface. The execution time of 
this program is closer to the number of clock cycles 
calculated by adding the number of cycles per instruc- 
tion because the execution unit does not have to wait 
for the bus interface unit to place an opcode byte in the 
prefetch queue as often. Thus, fewer clock cycles are 
wasted by the execution unit laying idle for want of 
instructions. Table G-1 lists the execution times mea- 
sured for these two programs as wait states were intro- 
duced with the 80186 running at 8 MHz. 
Table G-1 
| Program1 | —_—-Program2 
+ of Program 1 Program 2 
Wait 

States 


284 
347 


example_wait_state_performance 


; This file contains two programs which demonstrate the 80186 performance 
degradation as wait states are inserted. Program | performs a 
transformation between two types of characters sets, then copies 
the transformed characters back to the original buffer (which is 64 
bytes long. Program 2 performs the same type of transformation, however 
instead of performing a table lookup, it multiplies each number in the 
original 32 word buffer by a constant (3, note the use of the integer 
immediate multiply instruction). Program “nothing” is used to measure 
the call and return times from the driver program only. 


cgroup 
dgroup 
data 


group 
group 
segment 


code 


data 


public ‘data’ 
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256 dup (7) 
64 dup (?) 
32 dup (?) 


public ‘code’ 


i “S~ 
te _ 

2 + a 

eit ee 


CS:cgroup,DS:dgroup > : 
bench.1 ,bench.2,nothing_,waitstate_set.timer. 
near 
SI ; save registers used 
CX 

_ BX 
AX 


. d 
* i*4 
_¥7" SAS 


reg 


ry 


a 


& % 
a 


(CX,64 ; translate 64 bytes ott eeet 
S1,0 ; vce 
BH,0 = 
loop_back: 
BL,tstring[S!] ; get the byte 
AL,ttable[BX] ; translate byte 
tstring[SI],AL ; and store it 
; increment index 
; do the next byte 


near 

AX ; Save registers used 

SI ogee) 
CX as 


CX,32 ; multiply 32 numbers 
Sl,offset marray — 


AX,word ptr [SI],3 ; immediate multiply 
word ptr [SI],AX 

SI 

SI 

loop-back.2 


CX 
SI 
AX 
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nothing. 
; wait.state(n) sets the 80186 LMCS register to the number of wait states 

: (0 to 3) indicated by the parameter n (which is passed on the stack). 
: No other bits of the LMCS register are modified. 


waitstate. near fe! 
pets Sh 0,0 ; set up stack frame 

AX ; save registers used 

BX 

Dx 


_ BX,word ptr [BP + 4] ; get argument 
DX,0FFA2h ; get current LMCS register 


[oa ier. bad 
: 2% Te 
Ean airs ots te 
re” a ~ < . I 
5 
*» Py . a 


ry 
= 


contents 


Sh 
gs 


AX,DX 


AX,0FFFCh ; and off existing ready bits 
; insure ws count is good 
adjust the ready bits 
and write to LMCS 


i : s 
find 
 & i 
a 
i " 
so 
' 


a 


z 


4h 


$F z 2 


a's 


‘ 


7h 5 


+ 6 OS 


tear down stack frame 


wait state. 
set.timer() initializes the 80186 timers to count microseconds. Timer 2 
is set up as a prescaler to timer 0, the microsecond count can be read 
directly out of the timer 0 count register at location FFSOH in I/O 
space. ; 


near 
AX 
DX 


DX,0ff66h ; Stop timer 2 
AX,4000h 
DX,AX 


DX,0ffSOh — ; Clear timer 0 count 
AX,0 
DX,AX 


DX,O0ff52h ; timer 0 counts up to 65535 
AX,0 
DX,AX 
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 DX,0ff62h 


a 
mov  AX,2 
: ‘out. = DX,AX 
ea mov _ DX, Off66h 
| — mov AX, 0cO001h 
out #§$DXAX 
set_timer. 


we 


set maximum count of timer 2 = 
re-enable timer 2 we oak ey 


APPENDIX H 
80186 NEW INSTRUCTIONS 


The 80186 performs many additional instructions to 
those of the 8086. These instructions appear shaded in 
the instruction set summary at the back of the 80186 
data sheet. This appendix explains the operation of 
these new instructions. In order to use these new in- 
structions with the 8086/186 assembler, the 
““$mod186” switch must be given to the assembler. This 
can be done by placing the line: “$mod186” at the be- 
ginning of the assembly language file. 


PUSH IMMEDIATE 


This instruction allows immediate data to be pushed 
onto the processor stack. The data can be either an 
immediate byte or an immediate word. If the data is a 
byte, it will be sign extended to a word before it is 
pushed onto the stack (since all stack operations are 
word operations). 


PUSHA, POPA 


These instructions allow all of the general purpose 
80186 registers to be saved on the stack, or restored 
from the stack. The registers saved by this instruction 
(in the order they are pushed onto the stack) are AX, 
CX, DX, BX, SP, BP, SI, and DI. The SP value pushed 
onto the stack is the value of the register before the first 
PUSH (AX) is performed; the value popped for the SP 
register is ignored. 


This instruction does not save any of the segment regis- 
ters (CS, DC, SS, ES), the instruction pointer (IP), the 
flag register, or any of the integrated peripheral regis- 
ters. . 


IMUL BY AN IMMEDIATE VALUE 


This instruction allows a value to be multiplied by an 
immediate value. The result of this operation is 16 bits 
long. One operand for this instruction is obtained using 
one of the 80186 addressing modes (meaning it can be 
in a register or in memory). The immediate value can 
be either a byte or a word, but will be sign extended if it 
is a byte. The 16-bit result of the multiplication can be 
placed in any of the 80186 general purpose or pointer 
registers. 


This instruction requires three operands: the register in 
which the result is to be placed, the immediate value, 


and the second operand. Again, this second operand 
can be any of the 80186 general purpose registers or a 
specified memory location. 


SHIFTS/ROTATES BY AN IMMEDIATE 
VALUE 


The 80186 can perform multiple bit shifts or rotates 
where the number of bits to be shifted is specified by an 
immediate value. This is different from the 8086, where 
only a single bit shift can be performed, or a multiple 
shift can be performed where the number of bits to be 
shifted is specified in the CL register. 


All of the shift/rotate instructions of the 80186 allow 
the number of bits shifted to be specified by an immedi- 
ate value. Like all multiple bit shift operations per- 
formed by the 80186, the number of bits shifted is the 
number of bits specified modulus 32 (i.e., the maximum 
number of bits shifted by the 80186 multiple bit shifts is 
31). 


These instructions require two operands: the operand 
to be shifted (which may be a register or a memory 
location specified by any of the 80186 addressing 
modes) and the number of bits to be shifted. 


BLOCK INPUT/OUTPUT 


The 80186 adds two new input/output instructions: 
INS and OUTS. These instructions perform block input 
or output operations. They operate similarly to the 
string move instructions of the processor. 


The INS instruction performs block input from an I/O 
port to memory. The I/O address is specified by the 
DX register; the memory location is pointed to by the 
DI register. After the operation is performed, the DI 
register is adjusted by 1 (if a byte input is specified) or 
by 2 (if a word input is specified). The adjustment is 
either an increment or a decrement, as determined by 
the Direction bit in the flag register of the processor. 
The ES segment register is used for memory address- 
ing, and cannot be overridden. When preceded by a 
REPeat prefix, this instruction allows blocks of data to 
be moved from an I/O address to a block of memory. 


~ Note that the I/O address in the DX register is not 


modified by this operation. 
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The OUTS instruction performs block output from 
memory to an I/O port. The I/O address is specified by 
the DX register; the memory location is pointed to by 
the SI register. After the operation is performed, the SI 
register is adjusted by 1 (if a byte output is specified) or 
by 2 (if a word output is specified). The adjustment is 
either an increment or a decrement, as determined by 
the Direction bit in the flag register of the processor. 
The DS segment register is used for memory address- 
ing, but can be overridden by using a segment override 
prefix. When preceded by a REPeat prefix, this instruc- 
tion allows blocks of data to be moved from a block of 
memory to an I/O address. Again note that the I/O 
address in the DX register is not modified by this oper- 
ation. 


Like the string move instruction, these two instructions 
require two operands to specify whether word or byte 
operations are to take place. Additionally, this determi- 
nation can be supplied by the mnemonic itself by add- 
ing a “B” or “W” to the basic mnemonic, for example: 


INSB sperform byte input 
REP OUTSW ;sperform word block output 
BOUND 


The 80186 supplies a BOUND instruction to facilitate 
bound checking of arrays. In this instruction, the calcu- 
lated index into the array is placed in one of the general 


PUSH BP 


/*save the previous 


purpose registers of the 80186. Located in two adjacent 
word memory locations are the lower and upper 
bounds for the array index. The BOUND instruction 
compares the register contents to the memory loca- 
tions, and if the value in the register is not between the 
values in the memory locations, an interrupt type 5 is 
generated. The comparisons performed are SIGNED 
comparisons. A register value equal to either the upper 
bound or the lower bound will not cause an interrupt. 


This instruction requires two arguments: the register in 
which the calculated array index is placed, and the 
word memory location which contains the lower bound 
of the array (which can be specified by any of the 80186 — 
memory addressing modes). The memory location con- 
taining the upper bound of the array must follow imme- 
diately the memory location containing the lower 
bound of the array. 


ENTER AND LEAVE 


The 80186 contains two instructions which are used to 
build and tear down stack frames of higher level, block 
structured languages. The instruction used to build 
these stack frames is the ENTER instruction. The algo- 
rithm for this instruction is: 


frame 


pointer’*/ 


if level=0 then 
BP t=SF 
templ:=SP;/*save current frame pointer 
* 


else 


temp2:= level -— 1; 


do while temp2>0/*copy down previous 
frame*/ 
/*pointers*/ 


Bris EF « 2; 

PUSH [BP]; 
BP s=templ ; 
PUSH BP; 


level 


/*put current level frame 


pointer*/ 


/*in the save area*/ 
SPs=SP — disp; 


/*local variables*/ 


/*create Space on the 
for*/ 


stack 
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Figure H-1 shows the layout of the stack before and 
after this operation. 


This instruction requires two operands: the first value 
(disp) specifies the number of bytes the local variables 
of this routine require. This is an unsigned value and 
can be as large as 65535. The second value (level) is an 
unsigned value which specifies the level of the proce- 
dure. It can be as great as 255. 


The 80186 includes the LEAVE instruction to tear 
down stack frames built up by the ENTER instruction. 


Figure H-1. ENTER Instruction Stack Frame 


As can be seen from the layout of the stack left by the 
ENTER instruction, this involves only moving the con- 
tents of the BP register to the SP register, and popping 
the old BP value from the stack. 


Neither the ENTER nor the LEAVE instructions save 
any of the 80186 general purpose registers. If they must 
be saved, this must be done in addition to the ENTER 
and the LEAVE. In addition, the LEAVE instruction 
does not perform a return from a subroutine. If this is 
desired, the LEAVE instruction must be explicitly fol- 
lowed by the RET instruction. 


CURRENT FRAME 
PTR 


LOCAL 
VARIABLE 
AREA 


210973-99 
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APPENDIX | 
80186/80188 DIFFERENCES 


The 80188 is exactly like the 80186, except it has an 8 
bit external bus. It shares the same execution unit, tim- 
ers, peripheral control block, interrupt controller, chip 
select, and DMA logic. The differences between the 
two caused by the narrower data bus are: 


© The 80188 has a 4 byte prefetch queue, rather than 
the 6 byte prefetch queue present on the 80186. The 
reason for this is since the 80188 fetches opcodes 
one byte at a time, the number of bus cycles re- 
quired to fill the smaller queue of the 80188 is actu- 
ally greater than the number of bus cycles required 
to fill the queue of the 80186. As a result, a smaller 
queue is required to prevent an inordinate number 
of bus cycles being wasted by prefetching opcodes to 
be discarded during a jump. 

¢ AD8—AD15 on the 80186 are transformed to A8- 
Al5 on the 80188. Valid address information is 
present on these lines throughout the bus cycle of 
the 80188. Valid address information is not guaran- 
teed on these lines during idle T states. 


® BHE/S7 is always defined HIGH by the 80188, 
since the upper half of the data bus is non-existent. 


¢ The DMA controller of the 80188 only performs 
byte transfers. The B/W bit in the DMA control 
word is ignored. 


@ Execution times for many memory access instruc- 
tions are increased because the memory access must 
be funnelled through a narrower data bus. The 
80188 also will be more bus limited than the 80186 
(that is, the execution unit will be required to wait 
for the opcode information to be fetched more often) 
because the data bus is narrower. The execution 
time within the processor, however, has not changed 
between the 80186 and 80188. 


Another important point is that the 80188 internally is 
a 16-bit machine. This means that any access to the 
integrated peripheral registers of the 80188 will be done 
in 16-bit chunks, NOT in 8-bit chunks. All internal 
peripheral registers are still 16-bits wide, and only a 
single read or write is required to access the registers. 
When a word access is made to the internal registers, 
the BIU will run two bus cycles externally. 


Access to the control block may also be done with byte 
operations. Internally the full 16-bits of the AX register 
will be written, while externally, only one bus cycle will 
be executed. 
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1.0 INTRODUCTION 


From their introduction in 1982, the highly integrated 
16-bit 80186 and its 8-bit external bus version, the 
80188, have been ideal processor choices for high-per- 
formance, low-cost embedded control applications. The 
integrated peripheral functions and enhanced 8086 
CPU of the 80186 and 80188 allow for an easy upgrade 
of older generation control applications to achieve 
higher performance while lowering the overall system 
cost through reduced board space, and a simplified pro- 
duction flow. 


More and more controller applications need even high- 
er performance in numerics, yet still require the low- 
cost and small form factor of the 80186 and 80188. The 
8087 Numerics Data Coprocessor satisfies this need as 
an optional add-on component. 


The 8087 Numeric Data Coprocessor is interfaced to 
the 80186 and 80188 through the 82188 IBC (Integrat- 
ed Bus Controller). The IBC provides a highly integrat- 
ed interface solution which replaces the 8288 used in 
8086-8087 systems. The IBC incorporates all the nec- 
essary bus control for the 8087 while also providing the 
necessary logic to support the interface between the 
80186/8 and the 8087. 


This application note discusses the design considera- 
tions associated with using the 8087 Numeric Data Co- 
processor with the 80186 and 80188. Sections two, 
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three, and four contain an overview of the integrated 
circuits involved in the numerics configuration. Section 
five discusses the interfacing aspects between the 
80186/8 and the 8087, including the role of the 82188 
Integrated Bus Controller and the operation of the inte- 
grated peripherals on the 80186/8 with the 8087. Sec- 
tion six compares the advantages of using an 8087 Nu- 
meric Data Coprocessor over software routines written 
for the host processor as well as the advantage of using 
an 80186/8 numerics system over an 8086/8088 nu- 
merics system. 


Except where noted, all future references to the 80186 
will apply equally to the 80188. 


2.0 OVERVIEW OF THE 80186 


The 80186 and 80188 are highly integrated microproc- 
essors which effectively combine up to 20 of the most 
common system components onto a single chip. The 
80186 and 80188 processors are designed to provide 
both higher performance and a more highly integated 
solution to the total system. 


Higher integration results from integrating system pe- 
ripherals onto the microprocessor. The peripherals con- 
sist of a clock generator, an interrupt controller, a 
DMA controller, a counter/timer unit, a programma- 
ble wait state generator, programmable chip selects, 
and a bus controller. (See Figure 1.) 
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Figure 1. 80186/8 Block Diagram 
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Higher performance results from enhancements to both 
general and specific areas of the 8086 CPU, including 
faster effective address calculation, improvement in the 
execution speed of many instructions, and the inclusion 
of new instructions which are designed to produce opti- 
mum 80186 code. 


The 80186 and 80188 are completely object code com- 
patible with the 8086 and 8088. They have the same 
basic register set, memory organization, and addressing 
modes. The differences between the 80186 and 80188 
are the same as the differences between the 8086 and 
8088: the 80186 has a 16-bit architecture and 16-bit bus 
interface; the 80188 has a 16-bit internal architecture 
and an 8-bit data bus interface. The instruction execu- 
tion times of the two processors differ accordingly: for 
each non-immediate 16-bit data read/write instruction, 
4 additional clock cycles are required by the 80188. 


3.0 NUMERICS OVERVIEW 


3.1 The Benefits of Numeric 
Coprocessing 


The 8086/8 and 80186/8 are general purpose micro- 
processors, designed for a very wide range of applica- 
tions. Typically, these applications need fast, efficient 
data movement and general purpose control instruc- 
tions. Arithmetic on data values tends to be simple in 
these applications. The 8086/8 and 80186/8 fulfill these 
needs in a low cost, effective manner. 


However, some applications require extremely fast and 
complex math functions which are not provided by a 
general purpose processor. Such functions as square 
root, sine, cosine, and logarithms are not directly avail- 
able in a general purpose processor. Software routines 
required to implement these functions tend to be slow 
and not very accurate. Integer data types and their 
arithmetic operations (i.e., add, subtract, multiply and 
divide) which are directly available on general purpose 
processors, still may not meet the needs for accuracy, 
speed and ease of use. 


Providing fast, accurate, complex math can be quite 
complicated, requiring large areas of silicon on inte- 
grated circuits. A general data processor does not pro- 
vide these features due to the extra cost burden that less 
complex general applications must take on. For such 
features, a special numeric data processor is required — 
one which is easy to use and has a high level of support 
in hardware and software. 


3.2 Introduction to the 8087 


The 8087 is a numeric data coprocessor which is capa- 
ble of performing complex mathematical functions 
while the host processor (i.e. the main CPU) performs 


more general tasks. It supports the necessary data types 
and operations and allows use of all the current hard- 
ware and software support for the 8086/8 and 80186/8 
microprocessors. The fact that the 8087 is a coproces- 
sor means it is capable of operating in parallel with the 
host CPU, which greatly improves the processing pow- 
er of the system. 


The 8087 can increase the performance of floating- 
point calculations by 50 to 100 times, providing the 
performance and precision required for small business 
and graphics applications as well as scientific data pro- 
cessing. 


The 8087 numeric coprocessor adds 68 floating-point 
instructions and eight 80-bit floating-point registers to 
the basic 8086 programming architecture. All the nu- 
meric instructions and data types of the 8087 are used 
by the programmer in the same manner as the general 
data types and instructions of the host. 


The numeric data formats and arithmetic operations 
provided by the 8087 support the proposed IEEE Mi- 
croprocessor Floating Point Standard. All of the pro- 
posed IEEE floating point standard algorithms, excep- 
tion detection, exception handling, infinity arithmetic 
and rounding controls are implemented. The IEEE 
standard makes it easier to use floating point and helps 
to avoid common problems that are inherent to floating 
point. 


3.3 Escape Instructions 


The coprocessing capabilities of the 8087 are achieved 
by monitoring the local bus of the host processor. Cer- 
tain instructions within the 8086 assembly language 
known as ESCAPE instructions are defined to be co- 
processor instructions and, as such, are treated differ- 
ently. 


The coprocessor monitors program execution of the 
host processor to detect the occurrence of an ESCAPE 
instruction. The fetching of instructions is monitored 
via the data bus and bus cycle status S2—SO, while the 
execution of instructions is monitored via the queue 
status lines QSO and QS1. 


All ESCAPE instructions start with the high-order 5- 
bits of the instruction opcode being 11011. They have 
two basic forms, the memory reference form and the 
non-memory reference form. The non-memory form, 
shown in Figure 2A, initiates some activity in the co- 
processor using the nine available bits of the ESCAPE 
instruction to indicate which function to perform. 


Memory reference forms of the ESCAPE instruction, 
shown in Figure 2B, allow the host to point out a mem- 
ory operand to the coprocessor using any host memory 
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Figure 2A. Non-Memory Reference ESCAPE Instructions 


addressing mode. Six bits are available in the memory 
reference form to identify what to do with the memory 
operand. 


Memory reference forms of ESCAPE instructions are 
identified by bits 7 and 6 of the byte following the ES- 
CAPE opcode. These two bits are the MOD field of the 
8086/8 or 80186/8 effective address calculation byte. 
Together with the R/M field (bits 2 through 0), they 
determine the addressing mode and how many subse- 
quent bytes remain in the instruction. 


3.4 Host Response to Escape 
Instructions 


The host performs one of two possible actions when 
encountering an ESCAPE instruction: do nothing (op- 
eration is internal to 8087) or calculate an effective ad- 
dress and read a word value beginning at that address 
(required for all LOADS and STORES). The host ig- 
nores the value of the word read and hence the cycle is 
referred to as a “Dummy Read Cycle.” ESCAPE in- 
structions do not change any registers in the host other 
than advancing the IP. If there is no coprocessor or the 
coprocessor ignores the ESCAPE instruction, the ES- 
CAPE instruction is effectively a NOP to the host. Oth- 
er than calculating a memory address and reading a 
word of memory, the host makes no other assumptions 
regarding coprocessor activity. 


The memory reference ESCAPE instructions have two 
purposes: to identify a memory operand and, for certain 
instructions, to transfer a word from memory to the 
coprocessor. . 
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3.5 Coprocessor Response to Escape 
Instructions 


The 8087 performs basically three types of functions 
when encountering an ESCAPE instruction: LOAD 
(read from memory), STORE (write to memory), and 
EXECUTE (perform one of the internal 8087 math 
functions). 


When the host executes a memory reference ESCAPE 
instruction intended to cause a read operation by the 
8087, the host always reads the low-order word of any 
8087 memory operand. The 8087 will save the address 
and data read. To read any subsequent words of the 
operand, the 8087 must become a local bus master. 


When the 8087 has the local bus, it increments the 20- 
bit physical address it saved to address the remaining 
words of the operand. 


When the ESCAPE instruction is intended to cause a 
write operation by the 8087, the 8087 will save the ad- 
dress but ignore the data read. Eventually, it will get 
control of the local bus and perform successive writes 
incrementing the 20-bit address after each word until 
the entire numeric variable has been written. 


ESCAPE instructions intended to cause the execution 
of a coprocessor calculation do not require any bus ac- 
tivity. Numeric calculations work off of an internal reg- 
ister stack which has been initialized using a LOAD 
operation. The calculation takes place using one or two 
of the stack positions specified by the ESCAPE instruc- 
tion. The result of the operation is also placed in one of 
the stack positions specified by the ESCAPE instruc- 
tion. The result may then be returned to memory using 
a STORE instruction, thus allowing the host processor 
to access it. 


16-bit direct displacement 


16-bit displacement 


Ilo D45D44D43D42D41D19 Dg Dg D7 Dg Ds Dg Dg Do Dy Do 


8-bit displacement 


lo D7 Dg D5 Dg Dg Do Dy Do 


Figure 2B. Memory Reference ESCAPE Instruction Forms 
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4.0 OVERVIEW OF THE 82188 
INTEGRATED BUS CONTROLLER 
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4.1 Introduction 


The 82188 Integrated Bus Controller (IBC) is a highly 
integrated version of the 8288 Bus Controller. The IBC 
provides command and control timing signals for bus 
control and all of the necessary logic to interface the 
80186 to the 8087. 


4.2 Bus Control Signals 


The bus command and control signals consist of RD, 
WR, DEN, DT/R, and ALE. The timings and levels 
are driven following the latching of valid signals on the 
status lines SO-S2. When SO-S2 change state from pas- 
sive to active, the IBC begins cycling through a state 
machine which drives the corresponding control and 
command lines for the bus cycle. As with the 8288, an 
address enable input (AEN) is present to allow tri-stat- 


5.0 DESIGNING THE SYSTEM 
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ing when other bus masters supply their own bus con- 
trol signals. 


4.3 Bus Arbitration 


The IBC also has the ability to convert bus arbitration 
protocols of RQ/GT to HOLD-HLDA. This allows the 
82586 Local Area Network (LAN) Coprocessor, the 
82730 Text Coprocessor, and other coprocessors using 
the HOLD-HLDA protocol to be interfaced to the 
8086/8 as well as allowing the 80186/8 to be interfaced 
to the 8087. In addition to converting arbitration proto- 
cols, the IBC makes it possible to arbitrate between two 
bus masters using HOLD-HLDA with a third using 
RQ/GT. 


4.4 Interface Logic 


In addition to all the bus control and arbitration fea- 
tures, the IBC provides logic to connect the queue 
status to the 8087, a chip-select for the 8087, and the 
necessary READY synchronization required between 
the 8087 and the 80186/8. 


5.1 Circuit Schematics of the 80186/8-82888-8087 System 


TO OPTIONAL 
THIRD BUS MASTER 


RQ/GT1 


8087 = 1 


ARDY SRDY 


COMMAND/CONTROL 
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Figure 3. 80186/8-82188-8087 Circuit Diagram 
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5.2 Queue Status 


The 8087 tracks the instruction execution of the 80186 
by keeping an internal instruction queue which is iden- 
tical to the processor’s instruction queue. Each time the 
processor performs an instruction fetch, the 8087 latch- 
es the instruction into its own queue in parallel with the 
processor. Each time the processor removes the first 
byte of an instruction from the queue, the 8087 removes 
the byte at the top of the 8087 queue and checks to see 
if the byte is an ESCAPE prefix. If it is, the 8087 de- 
codes the following bytes in parallel with the processor 
to determine which numeric instruction the bytes repre- 
sent. If the first byte of the instruction is not an ES- 
CAPE prefix, the 8087 discards it along with the subse- 
quent bytes of the non-numeric instruction as the 80186 
removes them from the queue for execution. 


The 8087 operates its internal instruction queue by 
monitoring the two queue status lines from the CPU. 
This status information is made available by the CPU 
by placing it into queue status mode. This requires 
strapping the RD pin on the 80186 to ground. When 
RD is tied to ground, ALE and WR become QSO 
(Queue Status #0) and QS1 (Queue Status #1) respec- 
tively. 


-‘STcicL - TcHasv (186 max) 


(12) 08) — 35 = 15 ns 
TCLCL - TCLEOV (82188 max) 2 TevcL 
(125 ns).— 50 = 10 ns 


TcLeov (82188 min) 
5 Pa 1 


2 Tarvcr (82188 min) 


2 TcLex (8087 min) 


No queue operation 


First byte from queue 
Subsequent byte from queue 
Reserved 


Each time the 80186 begins decoding a new instruction, 
the queue status lines indicate “first byte of instruction 
taken from the queue’’. This signals the 8087 to check 
for an ESCAPE prefix. As the remaining bytes of the 
instruction are removed, the queue status indicates 
“subsequent byte removed from queue’. The 8087 uses 
this status to either continue decoding subsequent 
bytes, if the first byte was an ESCAPE prefix, or to 
discard the subsequent bytes if the first byte was not an 
ESCAPE prefix. 


The QSO(ALE) and QS1(WR) pins of the 80186 are fed 
directly to the 82188 where they are latched and de- 
layed by one-half-clock. The delayed queue status from 
the 82188 is then presented directly to the 8087. 


The waveforms of the queue status signals are shown in 
Figure 4. The critical timings are the setup time into 
the 82188 from the 80186 and the setup and hold time 
into the 8087 from the 82188. The calculations for an 8 
MHz system are as follows: 


setup to 82188 
setup to 8087 


shold to 8087 


CLK 
Touasv TcoHasv 
80186 QUEUE STATUS | 
INTO 82188 
| >| Tae 


82188 QUEUE STATUS 
INTO 8087 


ToLax 
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Figure 4. Queue Status Timing 
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5.3 Bus Control Signals NOTE: : 
3 The hold time calculation is the same for both the 


When the 80186 is in Queue Status mode, another com- 80186 and 8087. 

ponent must generate the ALE, RD, and WR signals. 

The 82188 provides these signals by monitoring the These timings provide adequate setup and hold times 
CPU bis cycle status (SO-S2). Also provided are DEN for a 74LS373 address latch. 

and DT/R which may be used for extra drive capability 
on the control bus. With the exception of ALE, all con- 
trol signals on the 82188 are almost identical to their T1 

corresponding 80186 control signals. This section dis- ) 

cusses the differences between the 80186 and the 82188 cae One ie Ree Naa 


control signals for the purpose of upgrading an 80186 


design to an 80186-8087 design. For original 80186- ALE 
8087 designs, there is no need to compare control signal 
timings of the 82188 with the 80186. 
ADDRESS a ee = CL, 


SETUP—><-HOLD 


5.3.1 ALE 231590-4 


The ALE (Address Latch Enable) signal goes active Figure 5. Address Latch Timings 
one clock phase earlier on the 80186 than on the 82188. 

Timing of the ALE signal on the 82188 is closer to that 

of the 8086 and 8288 bus controller because the bus 

cycle status is used to generate the ALE pulse. ALE on 

the 80186 goes active before the bus cycle status lines 

are valid. 


The inactive edge of ALE occurs in the same clock 
phase for both the 80186 and the 82188. The setup and 
hold times of the 80186 address relative to the 82188 
ALE signal are shown in Figure 5 and are calculated 
for an 8 MHz system as follows: 


Setup Time 
For 80186 = Taycy (186 min) + Toyz (82188 min) 
= 10 + 0 = f0'ns. 
For 8087 = 0.5 (Tere) = TCLAV i max) — TCHLL (82188 min) 
= 0.5 (125) — 55 + 0 = 7.5 
Hold Time 


0.5 (TetcL) — TcHLL (82188 max) + Topaz (186 min) 
0.5 (125) — 30 + 10 = 42.5 ns. 
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Figure 6. Read and Write Timings 


5.3.2 Read and Write 


The read and write signals of the 82188 have identical 
timings to those of the 80186 with one exception: the 
82188 WR inactive edge may not go inactive quite as 
early as the 80186. This spec is, in fact, a tighter spec 
than the 80186 WR timing and should make designs 
easier. The timings for RD and WR are shown in Fig- 
ure 6 for both the 80186 and the 82188. 


5.3.3 DEN 


The DEN signal on the 82188 is identical to the DEN 
signal on the 80186 but with a tighter timing specifica- 
tion. This makes designs easier with the 82188 and 
makes upgrades from 80186 bus control to 82188 bus 
control more straightforward. The timings for DEN on 
both the 80186 and 82188 are shown in Figure 7. 


CLK 


80186 DEN 
ToHDNV TouDNv >| 


82188 DEN 


Tcovctv = 10 to 70 - clock edge to DEN active/inactive 
Tovpex = 10 to 70 - falling edge of T4 to DEN inactive 
TcHDNv = 10 to 55 - rising edge of clock to DEN active 


TCHDNXx = 10 to 55 - clock edge to DEN inactive 


Kvn, R0/INTA 


5.3.4 DT/R 


The operation of the DT/R signal varies somewhat be- 
tween the 80186 and the 82188. The 80186 DT/R sig- 
nal will remain in an active high state for all write cy- 
cles and will default to a high state when the system bus 
is idle (i.e., no bus activity). The 80186 DT/R goes low 
only for read cycles and does so only for the duration of 
the bus cycle. At the end of the read cycle, assuming 
the following cycle is a non-read, the DT/R signal will 
default back to a high state. Back-to-back read cycles 
will result in the DT/R signal remaining low until the 
end of the last read cycle. 


The DT/R signal on the 82188 operates differently by 
making transitions only at the start of a bus cycle. The 
82188 DT/R signal has no default state and therefore 
will remain in whichever state the previous bus cycle 
required. The 82188 DT/R signal will only change 
states when the current bus cycle requires a state differ- 
ent from the previous bus cycle. 


RD/INTA 


TCHDNX 
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Figure 7. Data Control Timings 
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80186 DT/R 
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82188 DT/R 
READ /WRITE 


Tototv = 0 to 55 ns. 


5.4 Chip Selects 


5.4.1 INTRODUCTION 


Chip-select circuitry is typically accomplished by using 
a discrete decoder to decode two or more of the upper 
address lines. When a valid address appears on the ad- 
dress bus, the decoder generates a valid chip-select. 
With this method, any bus master capable of placing an 
address on the system bus is able to generate a chip-se- 
lect. An example of this is shown in Figure 9 where an 
8086/8087 system uses a common decoder on the ad- 
dress bus. Note the decoder is able to operate regardless 
of which processor is in control of the bus. 


ADDRESS 
DECODER 


ADDRESS 
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Figure 9. Typical 8086/8087 System 
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Figure 8. Data Transmit & Receive Timings 


With high integration processors like the 80186 and 
80188, the chip-select decoder is integrated onto the 
processor chip. The integrated chip-selects on the 
80186 enable direct processor connection to the chip- 
enable pins on many memory devices, thus eliminating 
an external decoder. But because the integrated chip-se- 
lects decode the 80186’s internal bus, an external bus 
master, such as the 8087, is unable to activate them. 
The 82188 IBC solves this problem by supplying a 
chip-select mechanism which may be activated by both 
the host processor and a second processor. 


5.4.2 Csi AND CSO OF THE 82188 


The CSI (chip select in) and CSO (chip select out) pins 
of the 82188 provide a way for a second bus master to 
select memory while also making use of the 80186 inte- 
grated chip-selects. The CSI pin of the 82188 connects 
directly to one of the 80186’s chip-selects while CSO 
connects to the memory device designated for the chip- 
selects range. An example of this is shown in Figure 10. 


RAM BANK 


Figure 10. Typical 80186/82188/8087 System 
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When the 80186 has control of the bus, the circuit acts 
just as a buffer and the memory device gets selected as 
if the circuit had not been there. Whenever CSI goes 
active, CSO goes active. When a second bus master, 
‘such as the 8087, takes control of the bus, CSO goes 
active and remains active until the 8087 passes control 
back to the processor. At this time CSO is deactivated. 


A functional block diagram of the CSI-CSO circuit is 
shown in Figure 11. A grant pulse on the RQ/GTO line 
gives control to the 8087 and also causes the 
8087CONTROL signal to go active, which in turn 
causes CSO to go active. The 8087CONTROL signal 
goes inactive when either a release is received on 
RQ/GTO, indicating that the 8087 is relinquishing con- 
trol to the main processor, or a grant is received on the 
RQ/GT1 line, indicating that the 8087 is relinquishing 


control to a third processor. Both actions signify that 


the 8087 is relinquishing the bus. If CSO goes inactive 
because a third processor took control of the bus, then 
CSO will go active again for the 8087 when a release 
pulse is transmitted on the RQ/GT1 line to the 8087. 
This release pulse occurs as a result of SYSHLDA go- 
ing inactive from the third processor. 


5.4.3 SYSTEM DESIGN EXAMPLE 


To provide the 8087 access to data in low memory 
through an integrated chip-select, the LCS pin should 
be disconnected from the bank that it is currently se- 
lecting and fed directly into the 82188 CSI. The CSI 
output should be connected to the banks which the 
LCS formerly selected. The LCS will still select the 
same banks because CSO goes active whenever CSI 
goes active. But now the 8087, when taking control of 
the bus, may also select these banks. 


Care must be taken in locating the 8087 data area be- 
cause it must reside in the area in which the chip-select 
is defined. If the 8087 generates an address outside of 
the LCS range, the CSO will still go active, but the 
address will erroneously select a part of the lower bank. 
Note also that this chip-select limits the size of the 8087 
data area to the maximum size memory which can be 
selected with one chip-select. However, this does not 
place a limit on instruction code size or non-8087 data 
size. All 80186 and 8087 instructions are fetched by the 
processor and therefore do not require that the 8087 be 


82188 IBC 


SYSHOLD SYSHLDA 


8087 CONTROL 
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Figure 11. 82188 Chip Select Circuitry 


22-325 


AP-258 


able to address them. Likewise, non-8087 data is never 
accessed by the 8087 and therefore does not require an 
8087 chip-select. 


5.5 Wait State & Ready Logic 


The 8087 must accurately track every instruction fetch 
the 80186 performs so that each op-code may be read 
from the system bus by the 8087 in parallel with the 
processor. This means that for instruction code areas, 
the 80186 cannot use internally generated wait states. 
All ready logic for these areas must be generated exter- 
nally and sent into the 82188. The 82188 then presents 
a synchronous ready out (SRO) signal to both the 
80186 and the 8087. 


§.5.1 INTERNAL WAIT STATES WITH 
INSTRUCTION FETCHES 


If internal wait states are used by the processor with the 
8087 at zero wait states, then the 8087 will latch op- 
codes using a four clock bus cycle while the processor is 
using between five and seven clocks on each bus cycle. 
If the wait states are truly necessary to latch valid data 
from memory, then a four clock bus cycle will force the 
8087 to latch invalid data. The invalid data may then be 
possibly interpreted to be an ESCAPE prefix when, in 
reality, it is not. The reverse may also hold true in that 
the 8087 may not recognize an ESCAPE prefix when it 
is fetched. These conditions could cause a system to 
hang (i.e., cease to operate), or operate with erroneous 
results. 


If the memory is fast enough to allow latching of valid 
data within a four clock bus cycle, then the 80186 inter- 
nal wait states will not cause the system to hang. Both 
processors will receive valid data during their respec- 
tive bus cycles. The 8087 will finish its bus cycle earlier 
than the processor, but this is of no consequence to 
system operation. The 8087 will synchronize with the 
processor using the status lines SO—S2 at the start of the 
next instruction fetch. 


5.5.2 INTERNAL WAIT STATES WITH DATA & 
I/O CYCLES 


With the exception of ““Dummy Read Cycles” and in- 
struction fetches, all memory and I/O bus cycles exe- 
cuted by the host processor are ignored by the 8087. 
Coprocessor synchronization is not required for un- 
tracked bus cycles and, therefore, internally generated 
wait states do not affect system operation. All of the 
I/O space and any part of memory used strictly for 
data may use the internal wait state generator on the 
80186. 


Memory used for 8087 data is somewhat different. 
Here, as in the case of code segment areas, the system 
must rely on an external ready signal or else the memo- 
ry must be fast enough to support zero wait state opera- 
tion. Without an external ready signal, the 8087 will 
always perform a four clock bus cycle which, when 
used with slow memories, results in the latching of in- 
valid data. 


Internal wait states will not affect system operation for 
data cycles performed by the 8087. In this case the 8087 
has control of the bus and the two processors operate 
independently. 


One type of data cycle has not yet been considered. 
Each time a numerics variable is accessed, the host 
processor runs a “Dummy Read Cycle” in order to 
calculate the operand address for the 8087. The 8087 
latches the address and then takes control of the bus to 
fetch any subsequent bytes which are necessary. If the 
8087 variables are located at even addresses, then an 
internally generated wait state will not present any 
problems to the system. If any numeric variables are 
located at odd addresses, then the interface between the 
host and coprocessor becomes asynchronous eas 
erroneous results. 


The erroneous results are due to the 80186 running two 
back-to-back bus cycles with wait states while the 8087 
runs two back-to-back bus cycles without wait states. 
The start of the second bus cycle is completely uncoor- 
dinated between the two processors and the 8087 is un- 
able to latch the correct address for subsequent trans- 
fers. For this reason, 8087 variables in a 80186 system 
must always lie on even boundaries when using the in- 
ternal wait state generator to access them. 


Numeric variables in an 80188 system must never be in 
a section of memory which uses the internal wait state 
generator. The 80188 will always perform consecutive 
bus cycles which would be equivalent to the 80186 per- 
forming an odd addressed ‘“‘Dummy Read Cycle.” 


5.5.3 AUTOMATIC WAIT STATES AT RESET 


The 80186 automatically inserts three wait states to the 
predefined upper memory chip select range upon power 
up and reset. This enables designers to use slow memo- 
ries for system boot ROM if so desired. If slow ROM’s 
are chosen, then no further programming is necessary. 
If fast ROM’s are chosen, then the wait state logic may 
simply be reprogrammed to the appropriate number of 
wait states. | 


The automatic wait states have the possibility of pre- 
senting the same problem as described in section 5.5.1 if 
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the boot ROM needs one or more wait states. Under 
these conditions the 8087 would be forced to latch in- 
valid opcodes and possibly mistake one for an ESCAPE 
instruction. 


If the boot ROM requires wait states, then some sort of 
external ready logic is necessary. This allows both proc- 
essors to run with the same number of wait states and 
insures that they always receive valid data. 


If the boot ROM does not require wait states, then 
there is no need to design external ready logic for the 
upper chip select region. But if 8087 code is present in 
the upper memory chip select region, the situation de- 
scribed in section 3.4 regarding ““cDummy Read Cycles” 
must be considered. 


The 82188 solves this problem by inserting three wait 
states on the SRO line to the 8087 for the first 256 bus 
cycles. By doing this the 82188 inserts the same number 
of wait states to both processors keeping them synchro- 
nized. The initialization code for the 80186 must pro- 
gram the upper memory chip select to look at external 
ready and to insert zero wait states within these first 
256 bus cycles. At the end of the 256 bus cycles, the 
82188 stops inserting wait states and both processors 
run at zero wait states. 


\ 


5.5.4 EXTERNAL READY SYNCHRONIZATION 


The 80186 and 8087 sample READY on different clock 
edges. This implies that some sort of external synchro- 
nization is required to insure that both processors sam- 
ple the same ready state. Without the synchronization, 
it would be possible for the external signal to change 
state between samples. The 80186 may sample ready 
high while the 8087 samples ready low. This would lead 
to the two processors running different length bus cy- 
cles and possibly cause the system to hang. 


The 82188 provides ready synchronization through the 
ARDY and SRDY inputs. Once a valid transition is 
recorded, the 82188 presents the results on the SRO 
output and holds the output in that state until both 
processors have had a chance to sample the signal. 


5.6 BUS ARBITRATION 


In order for the 8087 to read and write numeric data to 
and from memory, it must have a means of taking con- 
trol of the local bus. With the 8086/88 this is accom- 
plished through a request-grant exchange protocol. The 
80186, however, makes use of HOLD/HOLD AC- 
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KNOWLEDGE protocol to exchange control of the 
bus with another processor. The 82188 supplies the 
necessary conversion to interface RQ/GT to HOLD/ 
HLDA signals. The RQ/GT signal of the 8087 con- 
nects directly to the 82188’s RQ/GTO input while the 
82188’s HOLD and HLDA pins connect to the 80186’s 
HOLD and HLDA pins. 


When the 8087 requires control of the bus, the 8087 
sends a request on the RQ/GTO line to the 82188. The 
82188 responds by sending a HOLD request to the 
80186. When HLDA is received back from the 80186, 
the 82188 sends a grant back to the 8087 on the same 
RQ/GTO line. 


The 82188 also has provisions for adding a third bus- 
master to the system which uses HOLD/HLDA pro- 
tocol. This is accomplished by using the 82188 
SYSHOLD, SYSHLDA, and RQ/GT1 signals. 
The third processor requests the bus by pulling the 
SYSHOLD line high. The 82188 will route (and trans- 
late if necessary) the requests to the current bus master. 
If the 8087 has control, the 82188 will request control 
via the RQ/GT1 line which should be connected to the 
8087’s RQ/GT1 line. 


The 8087 will relinquish control by getting off the bus 
and sending a grant pulse on the RQ/GT1 line. The 
82188 responds by sending a SYSHLDA to the third 
processor. The third processor lowers SYSHOLD when 
it has finished on the bus. The 82188 routes this in the 
form of a release pulse on the RQ/GT1 line to the 
8087. The 8087 then continues bus activity where it left 
off. The maximum latency from SYSHOLD to 
SYSHLDA is equal to the 80186 latency + 8087 laten- 
cy + 82188 latency. 


5.7 SPEED REQUIREMENTS 


One of the most important timing specs associated with 
the 80186-8087 interface is the speed at which the sys- 
tem should run. The 8087 was designed to operate with 
a 33% duty cycle clock whereas the 80186 and 80188 
were designed to operate with a 50% duty cycle clock. 
In order to run both parts off the same clock, the 8087 
must run at a slower speed than is typically implied by 
its dash number in the 8086/88 family. 
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To determine the speed at which an 8087 may run 
(with a 50% duty cycle clock), the minimum low and 
high times of the 8087 must be examined. The maxi- 
mum of these two minimum specs becomes the half-pe- 
riod of the 50% duty cycle system clock. For example, 
the 8087-1 provides worst case spec compatibility with 
the 80186 at system clock-speeds of up to 8 MHz. The 
clock waveforms are shown in Figure 12 using 10 MHz 
timings. 


The minimum clock low time spec (Tc,.cy) of the 10 
MHz 8087 is 53 ns. The clock low time of an 8 MHz 
80186 is specified to be: 


Ya(TcLicL) — 7.5 


Solving for Tc_cy of the 80186 using TcL_cH of the 
8087 yields the following: 


Y(TcicL) — 7-5 = TeLcH 
(TcLcL) = 20 Ci. 1-78) 


TCLCL = 121 ns 


The calculation shows minimum cycle time of the 
80186 to be 121 ns. This time translates into a maxi- 
mum frequency of 8.26 MHz. 


6.0 BENCHMARKS 


6.1 Introduction 


The following benchmarks compare the overall system 
performance of an 8086, 80188, and an 80186 in nu- 
meric applications. Results are shown for all three 
processors in systems with the 8087 coprocessor and 
in systems using an 8087 software emulator. Three 
FORTRAN benchmark programs are used to dem- 


10 MHz 

8087 SPECS 
33% DUTY CYCLE 
CLOCK 


8 MHz 

80186 SPECS 
50% DUTY CYCLE 
CLOCK 
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onstrate the large increase in floating-point math per- 
formance provided by the 8087 and also the increase in 
performance due to the enhanced 80186 and 80188 host 
processors. 


The 8086 results were measured on an Intellec® Series 
III Microcomputer Development System with an 
iSBC® 86/12 board and an iSBC 337 multimodule. 
Typically, one wait state for memory read cycles and 
two wait states for memory write cycles are experienced 
in this environment. 


The 80186 and 80188 results were measured on a proto- 
type board which allowed zero wait state operation at 
8 MHz. The benchmarks measured using the 8087 
showed little sensitivity to wait states. Instructions exe- 
cuted on the 8087 tend to be long in comparison to the 
amount of bus activity required and, therefore, are not 
affected much by wait states. 


The benchmarks measured using the software emulator 
are much more bus intensive and average from 10 to 15 
percent performance degradation for one wait state. 


All execution times shown here represent 8 MHz oper- 
ation. The 8086 results were measured at 5 MHz and 
extrapolated to achieve 8 MHz execution times. 


6.2 Interest Rate Calculations 


Routines were written in FORTRAN-86 to calculate 
the final value of a fund given the annual interest and 
the present value. It is assumed that the interest will be 
compounded daily, which requires the calculation of 
the yearly effective rate. This value, which is the equiv- 
alent annual interest if the interest were compounded 
daily, is determined by the following formula: 


yer = (1 + (ir/np))**np — 1 


Tote, MINIMUM 
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Figure 12. Clock Cycle Timing 
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where: 
yer is the yearly effective rate 
ir is the annual interest rate 
np is the number of compounding periods per 
annum 


Once the yer is determined, the final value of the fund 
is determined by the formula: 
fv = (1 +yer) * pv 

where: 

pv is the present value 

fv is the future value 
Results are obtained using single-precision, double-pre- 
cision, and temporary real precision operands when: 


ir is set to 10% (0.1) 
np is set to 365 (for daily compounding) 
pv is set to $2,000,000 


THE RESULTS: 


Single-Precision 10.514% | $2,210,287.50 
(32-bit) | 


Double-Precision 10.516% $2,210,311.57 
(64-bit) 

Temporary Real 10.516% | $2,210,311.57 
Precision 


The difference between the final single-precision and 
double-precision values is $24.07; the difference in the 
final value between the double-precision and the tempo- 
rary real precision is 0.000062 cents. Since the 8087 
performs all internal calculations on 80-bit floating 
point numbers (temp real format), temporary real pre- 
cision operations perform faster than single- or double- 
precision. No data conversions are required when load- 
ing or storing temporary real values in the 8087. Thus, 
for business applications, the double-precision comput- 
ing of the 8087 is essential for accurate results, and the 
performance advantage of using the 8087 turns out to 
be as much as 100 times the equivalent software emula- 
tion program. 


6.3 Matrix Multiply Benchmark 
Routine 


A routine was written in FORTRAN-86 to compute 
the product of two matrices using a simple row/column 
inner-product method. Execution times were obtained 
for the multiplication of 32 x32 matrices using double 
precision. The results of the benchmark are shown in 
Figure 14. 


The results show the 8087 coprocessor systems per- 
forming from 23 to 31 times faster than the equivalent 
software emulation program. Both the 80188/87 and 
the 80186/87 systems outperform the 8086/87 system 
by 34 to 75 percent. This difference is mainly attributed 
to the fact that the matrix program largely consists of 
effective address calculations used in array accessing. 
The hardware effective address calculator of the 80186 
and 80188 allow each array access to improve by as 
much as three times the 8086 effective address calcula- 
tion. 


6.4 Whetstone Benchmark Routine 


The Whetstone benchmark program was developed by 
Harry Curnow for the Central Computer Agency of the 
British government. This benchmark has received high 
visibility in the scientific community as a measurement 
of main frame computer performance. It is a “‘synthet- 
ic” program. That is, it does not solve a real problem, 
but rather contains a mix of FORTRAN statements 
which reflect the frequency of such statements as mea- 
sured in over 900 actual programs. The program com- 
putes a performance metric: “thousands of Whetstone 
instructions per second (KIPS).” 


Simple variable and array addressing, fixed- and float- 
ing- point arithmetic, subroutine calls and parameter 
passing, and standard mathematical functions are per- 
formed in eleven separate modules or loops of a pre- 
scribed number of iterations. 


Table 2. Interest Rate Benchmark Results 


| B08 Sofware Emulator _/__s087 Copreseeear —— 
| Single Precision _|_70.3ms | 62.8ms | 43.4ms | .70ms | .66ms | 61 ms _ 
| Double Precision | 72.1ms | 62.9ms | 44.4ms | 71ms | .66ms | .61ms_ 
| Temp Real Precision | 72.6ms | 63.0ms | 44.8ms | .69ms | .65ms | .59ms_ 
| Average | 71.7ms | 62.9ms | 44.2ms | .70ms | .66ms | 60 ms | 
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The original coding of the Whetstone benchmark was 
written in Algol-60 and used single-precision values. It 
was rewritten in FORTRAN with single-precision val- 
ues to exactly reflect the original intent. Another ver- 
sion was created using double-precision values. The re- 
sults are shown in Table 3. 


NORMALIZED PERFORMANCE TO 8086 


80186 


The results show the 8087 systems with the 80186 and 
80188 outperforming the equivalent software emulation 
by 60 to 83 times. Additionally, the 80186 coupled with 
the 8087 outperformed the 8086/87 system by 22 per- 
cent. 


80188/8087 8086/8087  80186/8087 231590-12 


Figure 13. interest Rate Benchmark Results 
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Figure 14. Double Precision Matrix Multiplication 
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Table 3. Whetstone Benchmark Results 


6.5 Benchmark Conclusions 


These benchmarks show that the 8087 Numeric Data 
Coprocessor, coupled with either the 80186 or the 
80188, can increase the performance of a numeric ap- 
plication by 75 to 100 times the equivalent software 
emulation program. 


Applications which require array accessing with effec- 
tive address calculations will benefit even more by us- 
ing the 80188 and 80186 as the host processor as com- 
pared to the 8086. The results of the matrix multiplica- 
tion show both the 80188 and 80186 outperforming the 
8086 by 34 and 75%, respectively, in an 8087 system. 
In general, an 80186/8087 system will offer a 10% toa 
75% improvement over an equivalent 8086/8087 sys- 
tem, depending on the instruction mix. 


7. CONCLUSION 


8087 Software Emulator 8087 Coprocessor 
80188 8086 80186 80188 8086 80186 


Precision 
Precision 


For controller applications which require high perform- 


ance in numerics and low system cost, the 16-bit 80186 


or 8-bit 80188 coupled with the 8087 offers an ideal © 


solution. The integrated features of the 80186 and 
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1.0 INTRODUCTION 


Systems which require I/O processing and serial data 
transmission are very software intensive. The commu- 
nication task and I/O operations consume a lot of the 
system’s intelligence and software. In many conven- 
tional systems the central processing unit carries the 
burden of all the communication and I/O operations in 
addition to its main routines, resulting in a slow and 
inefficient system. 


In an ideal system, tasks are divided among processors 
to increase performance and achieve flexibility. One at- 
tractive solution is the combination of the Intel highly 
integrated 80186 microprocessor and the Intel 8-bit mi- 
crocontrollers such as the 80C51, 8052, or 8044. In 
such a system, the 80186 provides the processing power 
and the 1 Mbyte memory addressability, while the con- 
troller provides the intelligence for the I/O operations 
and data communication tasks. The 80186 runs appli- 
cation programs, performs the high level communica- 
tion tasks, and provides the human interface. The mi- 
crocontroller performs 8-bit math and single bit boole- 
an operations, the low level communication tasks, and 
I/O processing. 
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This application note describes an efficient method of 
interfacing the 16-bit 80186 high integration micro- 
processor to the 80C51, 8052, or the microcontroller- 
based 8044 serial communication controller. The inter- 
face hardware shown in Figure 1.1, is very simple and 
may be implemented with a programmable logic device 
or a gate-array. The 80186 and the microcontroller may 
run asynchronously and at different speeds. With this 
technique data transfers up to 200 Kbytes per second 
can be achieved between a 12 MHz microcontroller and 
an 8 MHz 80186. 


The 8-bit 80188 high integration microprocessor can 
also be used with the same interface technique. The 
performance of the interface is the same since an 8-bit 
bus is used. 


Interface to the 8044, 80C51, and the 8052 is identical 
because they have identical pinouts (some pins have 
alternate functions). As an example, the software pro- 
cedures for the 8044/80186 interface, which is the 
building block for the application driver, is supplied in 
this Application Note. 
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Figure 1.1. 80186/Microcontroller Based System 
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1.1 System Overview 


The 80186 and the microcontrollers are processors. 
They each access memory and have address/data, read, 
and write signals. There are three common ways to in- 
terface multiple processors together: 


1) First In First Out (FIFO) 
2) Dual Port RAM (DPRAM) 
3) Slave Port 


The FIFO interface, compared to DPRAM, requires 
less TTL and is easier to interface; however, FIFOs are 
expensive. The DPRAM interface is also expensive and 
even more complex. When DPRAM is used, the ad- 
dress/data lines of each processor must be buffered, 
and hardware logic is needed to arbitrate access to 
DPRAM. The slave port interface given here is cheaper 
and easier than both FIFO and DPRAM alternatives. 


The 80186 processor, when interfaced to this circuit, 
views the microcontroller as a peripheral chip with 8- 
bit data bus and no address lines (see Figure 1.1). It can 
read status and send commands to the microcontroller 
at any time. The microcontroller becomes a slave co- 
processor while keeping its processing power and serial 
communication capabilities. 


The microcontrollers, with the interface hardware, 
have a high level command interface like many other 
data communication peripherals. For example, the 
80186 can send the microcontroller commands such as 
Transmit or Configure. This means the designer does 
not have to write low level software to perform these 
tasks, and it offloads the 80186 to serve other functions 
in the application. 


1.2 Application Examples: 


The combination of the 80186 and a microcontroller 
basically provides all the functions that are needed in a 
system: a 16-bit CPU, 8-bit CPU, DMA controller, I/O 
ports, and a serial port. The 80C51 and the 8052 have 
an on-chip asynchronous channel, while the 8044 has 
an intelligent SDLC serial channel. In addition, many 
other functions such as timers, counters, and interrupt 
controllers are integrated in both the 80186 and the 
microcontrollers. 


Applications of the system described above are in the 
area of robotics, data communication networks, or seri- 
al communication backplanes. A typical example is 
copiers. Different segments of the copy machine like 
the motor, paper feed, diagnostics, and error/warning 
displays are all controlled by microcontrollers. Each 
segment receives orders from and replies to the central 
processor which consists of the 80186 interfaced with a 


microcontroller. F 
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Another common application is in the area of process 
controllers. An example is a central control unit for a 
multiple story building which controls the heating, 
cooling, and lighting of each room in each floor. In 
each room a microcontroller performs the above func- 
tions based on the orders received from the central 
processor. Depending on the throughput and type of 
the serial communication required, the 8044 or the 
80C51 (8052) may be selected for the application. 


2.0 OVERVIEW OF THE 80186, 
80C51, 8052, AND 8044 


This section briefly discusses the features of the micro- 
controllers and the 80186. For more information about 
these products please refer to the Intel Microcontroller 
and Microsystem components hand-books. Readers fa- 
miliar with the above products may skip this section. 


2.1 The 80186 Internal Architecture 


The 80186 contains an enhanced version of Intel’s pop- 
ular 8086 CPU integrated with many other features 
common to most systems (Figure 2.1). The 16-bit CPU 
can access up to 1 Mbyte of memory and execute in- 
structions faster than the 8086. With speed selection of 
8, 10, and 12.5 MHz, this highly integrated product is 
the most popular 16-bit microprocessor for embedded 
control applications. 


The on-chip DMA controller has two channels which 
can each be shared by multiple devices. Each channel is 
capable of transferring data up to 3.12 Mbytes per sec- 
ond (12.5 MHz speed). It offers the choice of byte or 
word transfer. It can be programmed to perform a 
burst transfer of a block of data, transfer data per speci- 
fied time interval, or transfer data per external request. 


The on-chip interrupt controller responds to both ex- 
ternal interrupts and interrupts requested by the on- 
chip peripherals such as the timers and the DMA chan- 


nels. It can be configured to generate interrupt vector 


addresses internally like the microcontrollers or exter- 
nally like the popular 8259 interrupt controller. It can 
be configured to be a slave controller to an external 
interrupt controller (RMX 86 mode) or be master for 
one or two 8259s which in turn may be masters for up 
to 8 more 8259s. When configured in master mode, 
each channel can support up to 64 external interrupts 
(128 total). 


Three 16-bit timers are also integrated on the chip. 
Timer 0 and timer 1 can be configured to be 16-bit 
counters and count external events. If configured as 
timers, they can be started by software or by an exter- 
nal event. Timer 0 and 1 each contain a timer output 
pin. Transitions on these pins occur when the timers 
reach one of the two possible maximum counts. Timer 
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2 can be used as a prescaler for timer O and 1 or can be 
used to generate DMA requests to the on-chip DMA 
channel. 


Finally, the integrated clock generator, the wait state 
generator, and the chip select logic reduce the external 
logic necessary to build a processing system. 


2.2 The MCS-51 Internal Architecture 


The 80C51BH, as shown in Figure 2.2, consists of an 8- 
bit CPU which can access up to 64 Kbytes of data 
memory (RAM) and 64 Kbytes of program memory 
(ROM). In addition, 4 Kbytes of ROM and 128 bytes 
of RAM are built onto the chip. 


The on-chip interrupt controller supports five inter- 
rupts with two priority levels. There are two timers 
integrated in the 80C51. Timer 0 and 1 can be config- 
ured as 8-bit or 16-bit timers or event counters. 


Finally the integrated full duplex asynchronous serial 
channel provides the human interface or communica- 
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CONTROLLER 


BUS 
CONTROLLER 
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tion capability with other microcontrollers. The VART 
supports data rates up to 500 kHz (with 15 MHz crys- 
tal) and can distinguish between address bytes and data 
bytes. 


The 8052 has the same features as the 80C51 except it 
has 8 Kbytes of on-chip ROM and 256 bytes of on-chip 
RAM. In addition the 8052 has another timer which 
may be configured as the baud rate generator for the 
serial port. 


2.3 The 8044 Internal Architecture 


The 8044 has all the features of the 80C51. In addition 
the on-chip RAM size is increased to 192 bytes and an 
intelligent HDLC/SDLC serial channel (SIU) replaces 
the 80C51 serial port (see Figure 2.3). It supports data 
rates up to 2.4 Mbps when an external clock is used and 
375 Kbps when the clock is extracted from the data 
line. The serial port can be used in half duplex point to 
point, multipoint, or one-way loop configurations. 
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Figure 2.1. 80186 Block Diagram 
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Figure 2.2. 80C51 Block Diagram 
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Figure 2.3. 8044 Block Diagram 
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Figure 2.4. 8044 Automatic Response to SDLC Commands 
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Figure 2.5. The 8044 Frame Formats 


The SIU is called an intelligent channel because it re- 
sponds to some SDLC commands automatically with- 
out the CPU intervention when it is set in auto mode. 
These automatic responses substantially reduce the 
communication software. Figure 2.4 gives the com- 
mands and the automatic responses. 


The 8044 supports many types of frames including the 
standard SDLC format. Figure 2.5 shows the types of 
frames the 8044 can transmit and receive. If a format 
with an address byte is chosen, the 8044 performs ad- 
dress filtering during reception and transmits the con- 
tents of the station address register during transmission 
automatically. If a format with FCS bytes is chosen, the 
8044 performs Cyclic Redundancy Check (CRC) dur- 
ing reception and calculates the FCS bytes during 
transmission of a frame in hardware. Two preamble 
bytes (PFS) may optionally be added to the frames. 
Formats that include the station address and the con- 
trol byte are supported both in the auto and flexible 
modes. 


3.0 80186/MICROCONTROLLER 
INTERACTION 


The 80186 communicates with the microcontroller 
(8044, 80C51 or 8052) through the system’s memory 
and the Command/Data and Status registers. The CPU 
creates a data structure in the memory, programs the 
DMA controller with the start address and byte count 
of the block, and issues a command to the microcon- 
troller. A hypothetical block diagram of a microcon- 
troller when used with the interface hardware is given 
in Figure 3.1. 


Chip select and interrupt lines are used to communicate 
between the microcontroller and the host. The inter- 


rupt is used by the microcontroller to draw the 80186’s 
attention. The Chip Select is used by the 80186 to draw 
the microcontroller’s attention to a new command. 


There are two kinds of transfers over the bus: Com- 
mand/Status and data transfers. Command/Status 
transfers are always performed by the CPU. Data 
transfers are requested by the microcontroller and are 
typically performed by the DMA controller. 


The CPU writes commands using CS and WR signals 
and interrupts the microcontroller. The microcontroller 
reads the command, decodes it and performs the neces- 
sary actions. The CPU reads the status register using 
CS and RD signals (see Figure 4.1). 


To initiate a commnad like TRANSMIT or CONFIG- 
URE, a write operation to the microcontroller is issued 
by the CPU. A read operation from the CPU gives the 
status of the microcontroller. Section 5 discusses details 
on these commands and the status. 


Any parameters or data associated with the command 
are transferred between the system memory and the 
microcontroller using DMA. The 80186 prepares a 
data block in memory. Its first byte specifies the length 
of the rest of the block. The rest of the block is the 
information field. The CPU programs the DMA con- 
troller with the start address of the block, length of the 
block and other control information and then issues the 
command to the microcontroller. 


When the microcontroller requires access to the memo- 
ry for parameter or data transfer, it activates the 80186 
DMA request line and uses the DMA controller to 
achieve the data transfer. Upon completion of an opera- 
tion, the microcontroller interrupts the 80186. The 
CPU then reads results of the operation and status of 
the microcontroller. 
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Figure 3.1. Microcontroller Plus the interface Hardware Block Diagram 


4.0 SYSTEM INTERFACE 


There are two kinds of transfers over the bus: com- 
mand/status and data transfers. The command/status 
transfers are always initiated and performed by the 
80186. The data transfers are requested by the micro- 
controller using the DMA request (DRQ) line. In rela- 
tively slow systems the 80186 might also perform the 
data transfers. In that case, the request from the micro- 
controller will serve as an interrupt to the CPU. This 
mode of operation depends on the serial data rate. 


The system interface performs command/status trans- 
fers, data/parameter transfers, and interrupts. This sec- 
tion describes the interface between the 80186 and a 
microcontroller shown in Figure 1.1. Section 6. de- 
scribes the interface hardware. 


4.1 Command/Status Transfers 


The 80186 controls the microcontroller by writing into 
the command/data register and reading from the status 
register. The CPU writes a command by activating the 
chip select (PCSO), putting the command onto the data 
bus, and activating the WR signal. The command byte 
is latched into the command/data register, and the mi- 
crocontroller is interrupted. In the interrupt service 
routine, the microcontroller reads the command byte 
from the command/data register, decodes the com- 
mand byte, and activates the DRQ for data or parame- 


ter transfer if the decoded command requires such 
transfer. 


At the end of parameter transfer the microcontroller 
updates the status register and interrupts the 80186. 


4.2 Data/Parameter Transfer 


Data/parameter transfers are controlled by a pair of 
REQUEST/ACKNOWLEDGE lines: DMA Request 
line (DRQ) and DMA Acknowledge line (DACK). 
Data and parameters are transferred via the Com- 
mand/Data register to or from memory. 


In order to request a transfer from memory, the micro- 
controller activates the DRQ pin. The DRQ signal goes 
active after a read operation by the microcontroller. In 
response, the 80186 DMA controller performs a byte 
transfer from the memory to the Command/Data regis- 
ter. Data is transferred on the bus and written into the 
Command/Data register on the rising edge of the 
80186 WR signal (MWR), which is activated by the 
DMaA controller. Figure 4.2 shows the write timing. 


In order to request a transfer to memory, the microcon- 
troller activates the DRQ signal and outputs the data 
into the Command/Data latch. When the microcon- 
troller WR signal goes active, DRQ is set. In response, 
the DMA performs the data transfer and resets the 
DRQ signal. Figure 4.3 shows the read timing. 
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4.3 Interrupt the INTERRUPT ACKNOWLEDGE bit is set 
(MD7). The INTA bit is the most significant bit of the 


The microcontroller reports on completion of an event command byte. Figure 4.4 and 4.5 show the interrupt 
by updating the status register and raising the interrupt timing. Note that it is the responsibility of the CPU to 
signal assuming this signal is initially low. The inter- clear the interrupt in order to prevent a deadlock. 


rupt is cleared by the command from the CPU where 
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Figure 4.1. Data Bus Control Signals and Their Functions 
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Figure 4.2. Write Timing 
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Figure 4.3. Read Timing 
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Figure 4.4. Interrupt Timing (Going Inactive) 
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Figure 4.5. Reset Timing 


5.0 COMMANDS AND STATUS 


This section specifies the format of the commands and — 


status. The commands and status given here are similar 
to most common coprocessors and data communication 
peripherals (e.g., the 82588 and 82586). The user may 
add more commands or redefine the formats for his/ 
her own specific application. 


5.1 Commands 


A command is given to the microcontroller by writing 
it into the Command/Data register and interrupting 
the microcontroller. The command can be issued at any 
time; but in case it is not accepted, the operation is 
treated like a NOP and will be ignored (although the 
INT will be updated). 


Format: 
3 2 1 0 


7 6 5 é ) 


5.1.1 ACKNOWLEDGING INTERRUPT (BIT 7) 


The INTA bit, if set, causes the interrupt hardware 
signal and the interrupt bit to be cleared. This is the 


only way to clear the interrupt bit and reset the 80186 
interrupt signal other than by a hardware reset. 


5.1.2 OPERATIONS (BITS 0-3) 


The OPERATION field initiates a specific operation. 
The microcontroller executes the following commands 
in software: 


NOP 

ABORT 

TRANSMIT* 
CONFIGURE* 

DUMP* 

RECEIVE* 
TRA-DISABLE 
REC-DISABLE 

*Requires DMA operation. 


The above operations except ABORT are executed only 
when the microcontroller is not executing any other 
operation. Abort is accepted only when the CPU is per- 
forming a DMA operation. 
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Operations that require parameter transfer (e.g., CON- 
FIGURE and DUMP) or data transfer (e.g., TRANS- 
MIT and RECEIVE) are called parametric operations. 
The remaining are called non-parametric operations. 


An operation is initiated by writing into the command 
register. This causes the microcontroller to execute the 
command decode instructions. Some of the operations 
cause the microcontroller to read parameters from 
memory. The parameters are organized in a block that 
starts with an 8-bit byte count. The byte count specifies 
the length of the rest of the block. Before beginning the 
operation, the DMA pointer of the DMA channel must 
point to the byte count. There is no restriction on the 
memory structure of the parameter block as long as the 
microcontroller receives the next byte of the block for 
every DMA request it generates. Transferring the bytes 
is the job of the 80186 DMA controller. 


The microcontroller requests the byte-count and deter- 
mines the length of the parameter block. It then re- 
quests the parameters. 


Upon completion of the operation, (when interrupt is 
low) the microcontroller updates the status, raises the 
interrupt signal, and goes idle. 


NOP 


This operation does not affect the microcontroller. It 
has no parameters and no results. 


ABORT 


This operation attempts to abort the completion of an 
operation under execution. It is valid for CONFIG- 
URE, TRANSMIT, DUMP, and RECEIVE. It is ig- 
nored for any of the above if transfer of parameters has 
already been accomplished. The microcontroller, upon 
reception of the ABORT command, stops the DMA 
operation and issues an Execution-Aborted interrupt. 


TRANSMIT 


This operation transmits one message. A message may 
be transmitted as an SDLC frame by the 8044, or in 
ASYNC protocol by the 80C51 or the 8052 serial port. 


Figure 5.1 shows the format of the Transmit block. A 
typical transmit operation parameter block includes the 
destination address and the control byte in the informa- 
tion field. As an example, see the 8044 transmit block 
in Figure 7.2. 
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Figure 5.1. Format of Transmit Block 


The transmit operation will either complete the execu- 
tion or be aborted by a specific ABORT operation. A 
Transmit-Done or Execution-Aborted interrupt is is- 
sued upon completion of this operation. 


CONFIGURE 


This operation configures the microcontroller’s internal 
registers. The length and the part of the configuration 
block that is modified are determined: by the first two 
bytes of the command parameter (see Figure 5.2). The 
FIRST BYTE specifies the first register in the config- 
ure block that will be configured, and the BYTE 
COUNT specifies the number of registers that will be 
configured starting with the FIRST BYTE. For exam- 
ple, if the FIRST BYTE is 1 and the BYTE COUNT is © 
the length of the configure block, then all of the regis- 
ters are updated. If FIRST BYTE is 4 and BYTE 
COUNT is 2, then only the fourth register in the con- 
figure block is updated. Minimum byte count is 2. 


if 6 5 a 3 2 1 


0 
BYTE COUNT 
FIRST BYTE 
FIRST REGISTER 
LAST REGISTER 


Figure 5.2. Format of Configure Block 


A Configure-Done interrupt is issued when the opera- 
tion is done unless ABORT was issued during the 
DMA operation. 


DUMP 


This operation causes dumping of a set of microcontrol- 
ler internal registers to system memory. Figure 7.4 
shows the format of the 8044 DUMP block. 


The DUMP operation will either complete the execu- 
tion or be aborted by a specific ABORT operation. A 
Dump-Done or Execution-Aborted interrupt is issued 
upon completion of this operation. 
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RECEIVE 


This operation enables the reception of frames. It is 
ignored if the microcontroller’s serial channel is already 
in reception mode. 


The serial port receives only frames that pass the ad- 
dress filtering. The microcontroller transfers the re- 
ceived information and the byte count to the system 
memory using DMA. The completion of frame recep- 
tion causes a Receive-Done event. 


REC-DISABLE 


This operation causes reception to be disabled. If trans- 
fer of data to the 80186 memory has already begun, 
then it is treated like the ABORT command. This oper- 
ation has no parameters. REC-DISABLE is accepted 
only when the microcontroller’s serial port is in receive 
mode. 


TRA-DISABLE 


This operation causes the transmission process to be 
aborted. If the microcontroller is fetching data from 
80186 memory, then it is treated like the ABORT com- 
mand. This operation has no parameters. It is accepted 
only when the serial port is in transmit mode. 


5.1.3 ILLEGAL COMMANDS 


Parametric and non-parametric commands except 
ABORT will be rejected (interrupt will not be set) if the 
microcontroller is already executing a command. 


ABORT is rejected if issued when the microcontroller 
is not requesting DMA operation, or a non-Parametric 
execution is performed, or transfer of parameters/data 
has already been accomplished. 


DMA operations shall not be aborted by any non-para- 
metric or parametric command except by the ABORT 
command. 


REC-DISABLE and TRA-DISABLE will not be ac- 
cepted if the serial channel is idle. 


5.2 Status 


The microcontroller provides the information about the 
last operation that was executed, via the status register. 


The microcontroller reports on these events by updat- 
ing a status register and raising the INTERRUPT sig- 
nal. Information from the status register is valid pro- 
vided the interrupt signal is high or bit 0 of the status 
being read is set. 


Format: 


“eat 1 0 


7 6 5 4 
_cts* | rst | € | EVENT | DMA | INT 


*8044 only 


5.2.1 INTERRUPT (BIT 0) 


The interrupt bit is set together with the hardware in- 
terrupt signal. Setting the INT bit indicates the occur- 
rence of an event. This bit is cleared by any command 
whose INTA bit is set. Status is valid only when this bit 
is set. 


5.2.2 DMA OPERATION (BIT 1) 


The DMA bit, when set, indicates that a DMA opera- 
tion is in progress. This bit is set if the commnad re- 
ceived by the microcontroller requires data or parame- 
ter transfer. If this bit is clear, DRQ will be inactive. 
The DMA bit, when cleared, indicates the completion 
of a DMA operation. 


5.2.3 ERROR (BIT 5) 


The E bit, if set, indicates that the event generated for 
the operation that was completed contains a warning, 
or the operation was not accepted. 


5.2.4 REQUEST TO SEND (BIT 6) 


The RTS bit, if clear, indicates that the serial channel is 
requesting a transmission. 


5.2.5 CLEAR TO SEND (BIT 7) 


The CTS bit indicates that, if the RTS bit is clear, the 
serial port is active and transmitting a frame. 


5.2.6 EVENT (BITS 2-4) | 


The event field specifies why the microcontroller needs 
the attention of the 80186. 


The following events may occur: 


CONFIGURE-DONE 
TRANSMIT-DONE 
DUMP-DONE 
RECEIVE-DONE 
RECEPTION-DISABLED 
TRANSMISSION-DISABLED 
EXECUTION-ABORTED 


22-341 


Poe nl ey PENT ae ee a S, hue : * See | a Ss r ’ 
PW Se oe ee, aes ‘ —~ a] . at ee , os = ea er 
fete hee Sa Se eS Sle os: ae: diege eee a Oe ply BE to ag 

ae 3 soe - * anes a) ae oie neo a Rak ws ~ hs af ot Cat St ug Stell Gi 
ty = a, : ss . .* a . é & a . BS = eal pice re) 
a5 Fa enn a a ¥ = Eo as Art aE SS 
" ? r : $y. ef 
‘ 3 oe : f ee 
’ ‘ 4 
s 
if tal AP-286 


CONFIGURE-DONE 


This event indicates the completion of a CONFIGURE 
operation. 


TRANSMIT-DONE 


This event indicates the completion of the TRANSMIT 
operation. 


If the E bit is set, it indicates that the transmit buffer 
was already full. 


DUMP-DONE 


This event indicates that the DUMP operation is com- 
pleted. 


RECEIVE-DONE 


This event indicates that a frame has been received and 
stored in memory. 5.3 


The format of the received message is indicated in Fig- 
ure 5.3. 


‘i 6 5 4 3 2 1 0) 
FIRST INFO BYTE 


LAST INFO BYTE 
RECEIVED BYTE COUNT 


Figure 5.3. Format of Receive Block 


Following the byte count, a few more bytes relating to 
the received frame such as the source address and the 
control byte may be transferred to the system memory 
using DMA. As an example, see the 8044 receive block 
in Figure 7.3. 


Note that the format of a frame received by the micro- 
controller serial channel is configured by the CONFIG- 
URE command. 

If the E bit is set, buffer overrun has occurred. 


RECEPTION-DISABLED 


This event is issued as a result of a RCV-DISABLE 
operation that causes part of a frame to be disabled. 


If the E bit is set, the serial port was already disabled, 
and the RCV-DISABLE is not accepted. 


TRANSMISSION-DISABLED 
This event is issued as a result of a TRA-DISABLE 


operation that causes transmission of a frame to be dis- 
abled. 


The E bit, if set, indicates that the TRA-DISABLE 
operation was not accepted since the serial port was 
already idle, or transmission of a frame has already 
been accomplished. | 


EXECUTION-ABORTED 


This event indicates that the execution of the last opera- 
tion was aborted by the ABORT command. 


If the E bit is set, ABORT was issued when the micro- 
controller was not executing any commands. 


6.0 HARDWARE DESCRIPTION. 


The interface hardware shown in Figures 6.1 and 6.2 
are identical. The difference is the status register. In 
Figure 6.2, an external latch is used to latch the status 
byte. This hardware is recommended if an extra I/O 
port on the microcontroller is required for some other 
applications, or external program and data memory is 
required for the microcontroller. The hardware shown 
in Figure 6.1 makes use of one of the microcontroller’s, 
I/O ports (Port 1) to latch the status to minimize hard- 
ware. The discussion of Sections 1 through 5 apply to 
both schematics. | 


6.1 Reset 


After an 80186 hardware reset, the microcontroller is 
also reset. The on-chip registers are initialized as ex- 
plained in the Intel Microcontroller Handbook. The re- 
set signal also clears the 80186 interrupt and the micro- 
controller interrupt signals by resetting FF3 (Flip-Flop 
3) and FF2 (Flip-Flop 2). Figure 4.5 shows the RESET 
timing. 


6.2 Sending Commands 


A bidirectional latched transceiver (74ALS646) is used 
for the Command/Data register. When the 80186 
writes a command to the Command/Data register, it 
interrupts the microcontroller. The interrupt is generat- 
ed only when bit 7 (INTA) of the command byte is set. 
When the 80186 PCSO and WR signals go active to 
write the command, FF2 will be set and FF3 will be 
cleared. The output of FF3 is the interrupt to the 80186 
and the INT status bit. The INT bit is cleared immedi- 
ately to indicate that the status is no longer valid. The 
output of FF2 is the interrupt to the microcontroller. A 
high to low transition on this line will interrupt the 
microcontroller. The interrupt signal will be cleared as 
soon as the microcontroller reads the command from 
the Command/Data register. 
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6.3 DMA Transfers 


In the interrupt service routine the command is decod- 
ed. If it requires a DMA transfer, the microcontroller 
sets the DMA bit of the status register which activates 
the DMA request signal. DRQ active causes the 80186 
on-chip DMA to perform a fetch and a deposit bus 
cycle. The first DMA cycle clears the DRQ signal (FF 1 
is cleared). When the microcontroller performs a read 
or write operation, the output of the FF1 will be set, 
and DRQ goes active again. 


The DMA controller transfers a byte from system 
memory to the Command/Data register. Data is 
latched when the 80186 PCS1 and WR signals go ac- 
tive. PCS1 and WR active also clear FF1. The micro- 
controller monitors the output of FF1 by polling the 
P3.3 pin. When FFI is cleared the microcontroller 
reads the byte from the Command/Data register. The 
P3.3 pin is also the interrupt pin. If a slow rate of trans- 
fer is acceptable, every DMA transfer can be interrupt 
driven to allow the microcontroller to perform other 
tasks. 


The DMA controller transfers a byte from the Com- 
mand/Data register to system memory by activating 


Voc 


the 80186 PCS1 and RD signals. PCS1 and RD active 
also clear FF1. When FF1 is cleared the microcontrol- 
ler writes the next byte to the Command/Data register. 


When all the data is transferred, the microcontroller 
clears the DMA status bit to disable DRQ. It then up- 
dates the status, sets the INT bit, and interrupts the 
80186. 


If the interface hardware in Figure 6.1 is used P1.1 is 
the DMA status bit and P1.0 is the INT bit. The micro- 
controller enables or disables them by writing to port 1. 
In Figure 6.2, DRQ or INT is disabled or enabled by 
writing to the 74LS374 status register. Note that the 
INT status bit is cleared by the hardware when the 
80186 writes a command. 


6.4 Reading Status 


The command is written and the status is read with the 
same chip select (PCSO), although the status is read 
through the 74LS245 transceiver and the command is 
written to the Command/Data register. 


P3.3/INT1 


P3.2/INTO 
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Figure 6.1. Hardware Interface (Port 1 is the Status Register) 
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Figure 6.2. Hardware Interface 


The microcontroller updates the status byte whenever a 
change occurs in the status and outputs the result to the 
status register. In order to read status, the 80186 acti- 
vates the PCSO line, and then activates the RD line. 
The contents of the status are put on the data bus, 
through the 74LS245 transceiver. 


For systems that require two DMA channels, a second 
pair of DRQ1/DACK 1 signals may easily be added to 
the hardware. In that case one of the status bits 
(DMA2) ANDed with the output of FF1 will serve as 
the second DMA request signal (DRQ1). DACK1 can 
be generated with the 80186 PCS2. 


7.0 8044/80186 INTERFACE 


This section shows how to make use of the status and 
commands described in section 5 and the hardware giv- 
en in Figure 6.1 to interface the 80186 with the 8044. 
The 8044 code to implement these functions is shown 
in Appendix A. 


7.1 Configuring the 8044 


This operation configures the 8044 registers. The for- 
mat of the configure block is shown in Figure 7.1. The 
part of the configuration block that is modified is deter- 
mined by the first two bytes of the command parame- 
ter. The FIRST BYTE specifies the first register in the 
configure block that will be configured, and the BYTE 
COUNT specifies the number of registers that will be 
configured starting with the FIRST BYTE. For exam- 
ple, if the FIRST BYTE is 1 and the BYTE COUNT is 
13, then all of the registers are updated. If FIRST 
BYTE is 4 and BYTE COUNT is 2, then transmit buff- 
er start register is configured. 


The configure command performs the following: 1) 
configures the interrupts and assigns their priorities; 2) 
assigns the start address and length of the transmit and 
receive buffers; 3) sets the station address; 4) sets the 
clock option and the frame format. 
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For other microcontrollers the format of the configure 
block should be modified accordingly. For example, the 
80C51 serial port registers (e.g., T2CON, SCON) re- 
place the 8044 SIU registers in the configure block. 


7 6 5 4 3 2 1 0 
STS 


oe a 
Ree aieaaieiGrans 


TIMER/COUNTER MODE 
PROCESSOR STATUS WORD 


Figure 7.1. Format of the 8044 Configure Block 


7.2 Transmitting a Message 
with the 8044 


A message is a block of data which represents a text file 
or a set of instructions for a remote node or an applica- 
tion program which resides on the 8044 program mem- 
ory. A message can be a frame (packet) by itself or can 
be comprised of multiple frames. An SDLC frame is 
the smallest block of data that the 8044 transmits. The 
8044 can receive commands from the 80186 to transmit 
and receive messages. The 8044 on-chip CPU can be 
programmed to divide messages into frames if neces- 
sary. Maximum frame size is limited by the transmit or 
receive buffer. 


To transmit a message, the 80186 prepares a transmit 
data block in memory as shown in Figure 7.2. Its first 
byte specifies the length of the rest of the block. The 
next two bytes specify the destination address of the 
node the message is being sent to and the control byte 
of the message. The 80186 programs the DMA control- 
ler with the start address of the block, length of the 
block and other control information and then issues the 
Transmit command to the 8044. 


Upon receiving the command, the 8044 fetches the first 
byte of the block using DMA to determine the length of 
the rest of the block. It then fetches the destination 
address and the control byte using DMA. 


The 8044 fetches the rest of the message into the on- 
chip transmit buffer. The size and location of the trans- 
mit buffer in the on-chip RAM is configured with the 
Configure command. The 8044 CPU then enables the 
Serial Interface Unit (SIU) to transmit the data as an 
SDLC frame. The SIU sends out the opening flag, the 
station address, the SDLC control byte, and the con- 
tents of transmit buffer. It then transmits the calculated 
CRC bytes and the closing flag. The 8044 CPU and the 
SIU operate concurrently. The CPU can fetch bytes 
from system memory or execute a command such as 
TRANSMIT-DISABLE while the SIU is active. 


Upon completion of transmission, the SIU updates the 
internal registers and interrupts the 8044 CPU. The 
8044 then updates the status and interrupts the 80186. 
Note that baud rate generation, zero bit insertion, 
NRZI encoding, and CRC calculation are automatical- 
ly done by the SIU. 


7.3 Receiving a Message 
with the 8044 


To receive a message, the 80186 allocates a block of 
memory to store the message. It sets the DMA channel 
and sends the Receive command to the 8044. 


Upon reception of the command, the 8044 enables its 
serial channel. The 8044 receives and passes to memory 
all frames whose address matches the individual or 
broadcast address and passes the CRC test. 


The SIU performs NRZI decoding and zero bit dele- 
tion, then stores the information field of the received 
frame in the on-chip receive buffer. At the end of recep- 
tion, the CPU requests the transfer of data bytes to 
80186 memory using DMA. After transferring all the 
bytes, the 8044 transfers the data length, source ad- 
dress, and control byte of the received frame to the 
memory (see Figure 7.3). Upon completion of the 
transfers, the 8044 updates the status register and raises 
the interrupt signal to inform the 80186. 


If the SIU is not ready when the first byte of the frame 
arrives, then the whole frame is ignored. Disabling re- 
ception after the first byte was passed to memory caus- 
es the rest of the frame to be ignored and an interrupt 
with Receive-Aborted event to be issued. 
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Figure 7.2. The 8044 Transmit Frame Structure 
and Location of Data Element in System Memory 
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CONTROL BYTE 


Figure 7.3. The 8044 Receive Frame Structure 
and Location of Received Data Element in 
System Memory 


7.4 Dumping the 8044 Registers 


Upon reception of the Dump command, the 8044 trans- 
fers the contents of its internal registers to the system 
memory (See Figure 7.4). 


7 6 5 


STS REG 


STAD REG 


4 3 
TBS REG. 


PSW REG 


| IE REG. 
TMOD REG 


TCON REG. 
Figure 7.4. Format of the 8044 Dumped Registers 


2 i ia # 


7.5 Aborting an Operation 


To abort a DMA operation, the 80186 sends an Abort 
command to the Command/Data latch and interrupts 
the 8044. During a DMA operation, the 8044 puts the 
external interrupt to high priority; therefore, the Abort 
interrupt will suspend the execution of the operation in 
progress and update the status register with the Execu- 
tion-Aborted event. It then returns the 8044 program 
counter to a location before the aborted operation start- 
ed. The Abort software procedure given in Appendix A 
gives the details of the execution of the ABORT com- 
mand. 


7.6 Disabling the Transmission or 
Reception 


Transmission of a frame is aborted if the 80186 sends a 
TRANSMIT-DISABLE command to the 8044. The 
command causes the 8044 to clear the Transmit Buffer 
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Full (TBF) bit. During transmission, if the TBF bit is 
cleared, the SIU will discontinue the transmission and 
interrupt the 8044 CPU. 


The RECEIVE-DISABLE command causes the 8044 
to clear the Receive Buffer Empty (RBE) bit. The SIU 
aborts the reception, if the RBE bit is cleared by the 
CPU. 


When transmission or reception of a frame is discontin- 
ued, the SIU interrupts the 8044 CPU. The CPU then 
updates the status and interrupts the 80186. 


7.7 Handling Interrupts 


When the 80186 sends a command, it sets the 8044 
external interrupt flag. The 8044 services the interrupt 
at its own convenience. In the interrupt service routine 
the 8044 executes the appropriate instructions for a giv- 
en command. During execution of a command the 8044 
ignores any command, except ABORT, sent by the 
80186 (see section 5.1.2). This is accomplished by clear- 
ing the interrupt flag before the 8044 returns from the 
interrupt service routine. During DMA operations the 
8044 sets the external interrupt to high priority. An 
interrupt with high priority can suspend execution of 
an interrupt service routine with low priority. The 
ABORT command given by the 80186 will interrupt 
the execution of the DMA transfer in progress. Upon 
completion of ABORT, execution of the last operation 
will not be resumed (see Appendix A). Note that any 
other command given during the DMA operation will 
also abort the operation in progress and should be 
avoided. 


8.0 8044 IN EXPANDED OPERATION 


To increase the number of information bytes in a frame, 
the 8044 can be operated in Expanded mode. In Ex- 
panded operation the system memory can be used as 
the transmit and receive buffer instead of the 8044 in- 
ternal RAM. AP-283, “Flexibility in Frame Size Oper- 
ation with the 8044”, describes Expanded operation in 
detail. | 


8.1 Transmitting a Message in 
Expanded Operation 


In Expanded operation the 8044 transmits the frame 
while it is fetching the data from the system memory 
using DMA. An internal transmit buffer is not neces- 
sary. The system memory can be used as the transmit 
buffer by the 8044. 


Upon receiving the Transmit command, the 8044 en- 
ables the SIU and fetches the first data byte from the 
Command/Data register. The SIU transmits the open- 
ing flag, station address, and the control byte if the 
frame format includes these fields. It then transmits the 
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fetched data. The 8044 CPU fetches the next byte while 
the previously fetched byte is being transmitted by the 
SIU. The CPU fetches the remaining bytes using 
DMA, then the SIU transmits them simultaneously un- 
til the end of message is reached. The SIU then trans- 
mits the FCS bytes, the closing flag and interrupts the 
8044 CPU. The 8044 updates the status with the Trans- 
mit-Done event and interrupts the 80186. If the DMA 
does not keep up with transmission, the transmission is 
an underrun. 


8.2 Receiving a Message in Expanded 
Operation 


In Expanded operation the DMA controller transfers 
data to the system memory while the 8044 SIU is re- 
ceiving them. 


To receive a message, the 80186 allocates a block of | 
memory for storing the message. It sets the DMA chan- 
nel and sends the Receive command to the 8044. 


Upon reception of the command, the 8044 enables its 
serial channel and waits for a frame. The SIU performs 
flag detection, address filtering, zero bit deletion, NRZI 
decoding, and CRC checking as it does in Normal op- 
eration. 


After the SIU receives the first byte of the frame, the 
8044 CPU requests the transfer of the byte to memory 
using DMA. The 80186 DMA moves the information 
byte into the system memory while the SIU is receiving 
the next byte. The next byte is transferred to the memo- 
ry after the SIU receives it. When the entire frame is 
received, the SIU checks the received Frame Check Se- 
quence bytes. If there is no CRC error, the SIU updates 
the 8044 registers and interrupts the 8044 CPU. The 
CPU updates the status and interrupts the 80186. 


9.0 CONCLUSION 


This application note describes an efficient way to in- 
terface the 80186 and the 80188 microprocessors to the 
Intel 8-bit microcontrollers like the 80C51, 8052, and 
8044. To illustrate this point the 80186 microprocessor 
interface to the 8044 microcontroller based serial com- 
munication chip was described. The hardware interface 
given here is very general and can interface the 8-bit 
microcontrollers to a variety of Intel microprocessors 
and DMA controllers. The microcontrollers with this 
interface hardware have the same benefits as both the 
Intel UPI-41/42 family and data communication pe- 
ripheral chips such as the 82588 and the 82568 LAN 
controllers. Like the Intel UPI chips, they can be easily 
interfaced to microprocessors, and like the data com- 
munication peripherals, they execute high level com- 
mands. A similar approach can be used to interface 
Intel microprocessors to the 16-bit 8096 microcontrol- 
ler. 
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APPENDIX A 
SOFTWARE 


The software modules shown here implement the exe- 
cution of commands and status explained in sections 5 
and 7. The 80186 software provides procedures to send 
commands and read status. The 8044 software decodes 
and executes the commands, updates the status, and 
interrupts the 80186. The procedures given here are 
called by higher level software drivers. For example, an 
80186 application program may use the Transmit com- 
mand to send a block of data to an application program 
that resides in the 8044 ROM or in another remote 
node. The application programs and the drivers that 
perform the communication tasks run asynchronously 
since all communication tasks are interrupt-driven. 


Figure A-1 shows how to assign the ports and control 
registers for an 80186-based system. The software is 
written for an Intel iSBC® 186/51 computer board. 
The 8044 hardware is connected to the computer board 
iSBX™ connector. 


Figure A-2 shows the 80186 command procedures. 
These procedures are used by the data link driver. 


Figure A-3 shows how the DMA controller is loaded 
and initialized for data and parameter transfer from the 
80186 memory to the 8044. This procedure is used by 
the TRANSMIT and CONFIGURE commands. 


Figure A-4 shows how the DMA controller is loaded 
and initialized for data and parameter transfer from the 
8044 to the 80186 memory. This procedure is used by 
the RECEIVE and DUMP commands. 


Figure A-5 shows an interrupt service routine which 
handles interrupts resulting from various events. Note 
that this routine is not complete. The user should write 
the software to respond to events. 


Figure A-6 shows an example of the 80186 software. It 
shows how to start various operations. This is not a 
data link driver, but it gives the procedures needed to 
write a complete driver. 


Figure A-7 shows how to initialize the 8044. The user 
application program should be inserted here. 


Figures A-8 through A-13 show the 8044 external in- 
terrupt service routine. In this routine a command re- 
ceived from the 80186 is decoded, and one of the com- 
mand procedures shown in Figures A-9 through A-13 
is executed. 


Figure A-14 shows the serial channel (SIU) interrupt 
service routine. Note that execution of TRANSMIT, 
RECEIVE, and TRANSMIT-DISABLE commands 
are completed in this routine. 
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NAME COM_DRIVER 
7#* = =80186 SOFTWARE FOR THE 80186/MICROCONTROLLER INTERFACE 


** 8044 BOARD CONNECTED TO THE SBX1 OF THE SBC 186/51 BOARD. 
** SBX1 INTO TIED TO 80130 IR[0-7]. CONNECT JUMPER 30 TO 46. 
7* 80186 DMA CHANNEL 1 USED. CONNECT JUMPER 202 TO 203. 


TRUE EQU 
FALSE EQU 


+ 8044 REGISTERS 


CMD _44 EQU f ADDRESS OF THE COMMAND REGISTER 
ST_44 EQU ADDRESS OF THE STATUS REGISTER 
DATA_44 ADDRESS OF THE DATA REGISTER 


? EVENTS 


CON_DONE 01H CONFIGURE_DONE 

TRA_DONE 02H TRANSMIT_DONE 

DUM_DONE 03H DUMP_DONE 

REC_DONE 04H RECEIVE _DONE 

REC_DISA OSH RECEPTION_DISABLE 

TRA_DISA 06H TRANSMISSION_DISABLE 

ABO_DONE 07H EXECUTION_ABORTED 231784-10 


* COMMANDS (INTA=1) 


ABORT 

RECEIVE DISABLE 
TRANSMIT DISABLE 
RECEIVE 

TRANSMIT 

DUMP 

CONFIGURE 

NOP 


ABO_CMD EQU 080H 
REC_DIS CMD EQU 081H 
XMIT_DIS CMD EQU 082H 
REC_CMD EQU 083H 
TRA_CMD EQU 084H 
DUM_CMD EQU 085H 
CON_ CMD EQU 086H 
NOP_CMD EQU 087H 


-e Te se te Se te Se te 


DMA CHANNEL 1 REGISTERS 


SOURCE ADDRESS (LO WORD) 
SOURCE ADDRESS (HI WORD) 
DESTINATION ADDRESS (LO WORD) 
DESTINATION ADDRESS (HI WORD) 
TRANSFER COUNT ADDRESS 
CONTROL ADDRESS 


EQU OFFDOH 
EQU OFFD2H 
EQU OFFD4H 
EQU OFFD6H 
EQU OFFD8H 
EQU OFFDAH 


=e Se te te te te 


a 


# 80186 INTERRUPT CONTROLLER REGISTERS 


CTLO_INTR EQU) OFF38H ; INT 0 CONTROL ADDRESS 
CTL1_INTR EQU) OFF3AH ; INT 1 CONTROL REGISTER 
MASK_INTR EQU) OFF28H INT MASK REGISTER 
EOI_INTR EQU) OFF22H ; INT EOI REGISTER 
NSPEC BIT EQU) 08000H # NON-SPECIFIC EOI 


+ 80130 INTERRUPT CONTROLLER REGISTERS 


INT EOI REGISTER 


EOI_SINTR EQU OEOH 
MASK REGISTER 


MASK SINTR EQU OE2H 


RD_IRR EQU 010H COMMAND TO 80130 TO READ IRR REG 
RD_ISR EQU 011H COMMAND TO 80130 TO READ ISR REG 


IV_BASE EQU 20H BASE OF 80130 INT CONTROLLER VECTOR 
231784-11 


Figure A-1. Port and Register Definitions for 80186 System 
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FAIRER RRR ERR RARER ERIK IKKE IKKE REE RRR ER 
7 INTERRUPT TABLE 


INTERRUPTS SEGMENT AT 0 
ORG (IV_BASE+1)*4H 

Iv_INTRO LABEL DWORD 

INTERRUPTS ENDS 

FRR EREREREERERERHRERARERERREREEEEEREREEKREEERERERKKAKR KARE 

STACK SEGMENT STACK 'STACK' 


THE_STACK DW 200H DUP(?) 
TOS LABEL WORD 


STACK ENDS 
FRRRRRHEREKREREERAREERERERRERERERERERREREREREREREREKREKEEEKEEEEEKKRKRKKKEE 
DATA SEGMENT PUBLIC 'DATA' 

REC_BUFFER DB 1024 DUP(?) 

CON_BUFFER DB 08H, 01H, 00H, ODOH, 55H, 20H, 05H, 30H, OSH 
DUM_BUFFER DB OFH DUP(?) 

TRA_BUFFER DB 07H, 55H, 11H, 01H, 02H, 03H, 04H, 05H 

CMND_FLAG FALSE 


DATA 
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Figure A-1. Port and Register Definitions for 80186 System (Continued) 


PRAARKREERAHREKREREKRERERERERERERERREREKREEKREKEKKEEKEKEKEKKKKKKKKHR 


CODE SEGMENT PUBLIC ‘'CODE'‘ 


ASSUME CS: CODE, 
& DS: DATA, 
& ES:NOTHING, 
& SS:STACK 


PRAHA RERERERERKREERE EKER RAEEEREREKEREREEKRKEKEKRKKKKER 


RECV_COMMAND PROC FAR 


PUSH BP 
MOV BP,SP 
LES SI,DWORD PTR [BP+6] LOAD BUFFER POINTER 
MOV AX,WORD PTR[BP+10] LOAD BUFFER SIZE 
MOV AH, 0H 
CALL REC_DMA CALL REC-DMA 
MOV AL, REC_CMD LOAD RECEIVE COMMAND 
ouT CMD 44,AL SEND TO COMMAND/DATA REG 
POP BP ; 
RET 


RECV_COMMAND ENDP 


PRAHA RREREKEEREKEEREERERUREKRERREREREEKREREREKREEREEREKRKEEEKEKEKAE 


XMIT_COMMAND PROC FAR 


PUSH BP 

MOV BP,SP 

LES SI,DWORD PTR [BP+6] LOAD BUFFER POINTER 

MOV AX,WORD PTR[BP+10] LOAD BUFFER SIZE. 

MOV AH, 0H ' 

CALL TRA_DMA CALL TRA-DMA 

MOV AL, TRA_CMD LOAD TRANSMIT COMMAND 
out CMD 44,AL SEND TO COMMAND/DATA REG 
POP BP : 

RET 


XMIT_COMMAND ENDP 
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Figure A-2. Setup and Execution of Commands 
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CONF_COMMAND PROC FAR 


PUSH BP 

MOV BP,SP 

LES SI,DWORD PTR[BP+6] ; LOAD BUFFER POINTER 

MOV AX,WORD PTR[BP+10]} + LOAD BUFFER SIZE 

MOV AH, 0H 

CALL TRA_DMA + CALL TRA-DMA 

MOV AL,CON_CMD + LOAD CONFIGURE COMMAND 
OUT CMD_44,AL + SEND TO COMMAND/DATA REG 


POP BP 
RET 


CONF_COMMAND ENDP 


FRRRHEREEARHRREEEREEEREHRERRERHEREREREEEEEEEKERERKEKKRKKKKKKHAKKEKE 


DUMP_COMMAND PROC FAR 


PUSH BP 
MOV _—sCBBP,, SP 

LES SI,DWORD PTR([BP+6] ; LOAD BUFFER POINTER 
MOV AX,WORD PTR[BP+10] ; LOAD BUFFER SIZE 
MOV _—sAH, OH os ePA: 


CALL REC_DMA CALL REC-DMA 


; 
MOV AL, DUM_CMD ? LOAD DUMP COMMAND ; 
-; SEND TO COMMAND/DATA REG 


OUT CMD_44,AL 
POP BP 
RET 


DUMP_COMMAND ENDP 231784-14 
PRRKRE RARER AERA RRR EE REREREEERRR ERE RE REKKRAEERRERE ; 


XMIT_DIS_COMMAND PROC FAR 


MOV AL,XMIT_DIS_CMD ; LOAD XMIT-DIS COMMAND 
ouT CMD_44,AL ; SEND TO COMMAND/DATA REG 


RET \ 
XMIT_DIS_ COMMAND ENDP 


FRR RRR IRR ITI TTT RR AER ERR TREE RR 


REC_DIS_COMMAND PROC FAR 


MOV AL,REC_DIS_CMD ; LOAD REC-DIS COMMAND 
OUT CMD 44,AL _ # SEND TO COMMAND/DATA REG 


RET 
REC_DIS_COMMAND ENDP 


PeTeTI TIT TTT TTT Titi titi ti tii tii tit tii tii tittitti titi title 


ABOR_COMMAND PROC FAR 


MOV AL, ABO_CMD ; LOAD ABORT COMMAND 
OUT CMD _44,AL ; SEND TO COMMAND/DATA REG 


RET 
ABOR_COMMAND ENDP 


FRA EEEREEHEREEEEEREEEEKRERREEEREREEKEEEEEEEEREREEEEEEERKER 


NOP_COMMAND PROC FAR 


MOV AL,NOP_CMD ; LOAD NOP COMMAND 
out CMD_44,AL + SEND TO COMMAND/DATA REG 


RET 
NOP_COMMAND . ENDP 
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Figure A-2. Setup and Execution of Commands (Continued) 
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PARRA EREREREREREREEREREREREREREREEEERRERERRERERERREREERER 
; ** RECEIVE DMA 

+; ARGS AX BUFFER SIZE 

; ES:SI BUFFER POINTER 


REC_DMA PROC NEAR 
MOV DX,CNT_DMAL LOAD ADD OF TRANSFER COUNT REG 
OUT DX,AX PROGRAM TRANSFER COUNT REGISTER 


XOR CLEAR BX 
MOV LOAD SEG ADDRESS OF BUFFER 

SHL CALCULATE LINEAR ADDRESS OF THE BUFFER 
RCL 

SHL 

RCL 

SHL 

RCL 

SHL 

RCL 

ADD ADD THE OFFSET TO BASE 

ADC 

MOV gt LOAD ADDRESS OF DEST POINTER (LO WORD) 

OUT PROGRAM DEST POINTER REGISTER (LO WORD) 
MOV 

MOV @ ; LOAD ADDRESS OF DEST POINTER (HI WORD) 

OUT PROGRAM DEST POINTER REGISTER (HI WORD) 


MOV AX,DATA_44 LOAD ADDRESS OF DATA REGISTER 
MOV DX,SL_DMA1 LOAD ADDRESS OF SOURCE POINTER 
OUT DX,AX PROGRAM SOURCE POINTER REGISTER (LO WORD) 


XOR AX,AX CLEAR AX 
MOV DX,SH_DMA1 LOAD ADDRESS OF SOURCE POINTER (HI WORD) 
OUT DxX,AX ; PROGRAM SOURCE POINTER REGISTER (HI WORD) 


MOV DX,CTL_DMA1 LOAD ADDRESS OF CONTROL REGISTER 
MOV AX,1010001010100110B LOAD THE CONTROL WORD 

OUT DX,AX PROGRM THE CONTRL REGISTER 

RET 


REC_DMA —_ ENDP 
231784-16 


Figure A-3. Loading and Starting the 80186 DMA Controller 


RERKRRERERERRERRERRERERREREERERRREREREEEERRRERERERERRREERERERKEKKRER 
** TRANSMIT DMA 
ARGS AX BUFFER SIZE 

ES:SI BUFFER POINTER 


LS id =e =e Se Se 


RA_DMA 
INC 
MOV DX,CNT_DMA1 ; LOAD ADD OF TRANSFER COUNT REG 


OUT DX,AX ;} PROGRAM TRANSFER COUNT REGISTER 


XOR CLEAR BX 

MOV LOAD SEG ADDRESS OF BUFFER 

SHL CALCULATE LINEAR ADDRESS OF THE BUFFER 
RCL 
SHL 
RCL 
SHL 
RCL 
SHL 
RCL 
ADD 
ADC 
MOV 
OUT 
MOV 
MOV 
OUT 


ADD THE OFFSET TO BASE 


=e 


LOAD ADDRESS OF SOURCE POINTER (LO WORD) 
PROGRAM SOURCE POINTER REGISTER (LO WORD) 


ee 


~~. 


LOAD ADDRESS OF SOURCE POINTER (HI WORD) 
PROGRAM SOURCE POINTER REGISTER (HI WORD) 


LOAD ADDRESS OF DATA REGISTER 
LOAD ADDRESS OF DEST POINTER 
PROGRAM DEST POINTER REGISTER (LO WORD) 


MOV AX,DATA_44 
MOV DX,DL_DMA1 
OUT DX,AX 


=e se Se 


CLEAR AX 
LOAD ADDRESS OF DEST POINTER (HI WORD) 
PROGRAM DEST POINTER REGISTER (HI WORD) 


XOR  AX,AX 
MOV DX,DH_DMA1 
OUT DX,AX 


=e Se Se 


LOAD ADDRESS OF CONTROL REGISTER 
LOAD THE CONTROL WORD 
PROGRAM THE CONTRL REGISTER 


MOV DX,CTL_DMAl 

MOV AX,0001011010100110B 
OUT DX,AX 

RET 


-e ve te 


TRA_DMA. ENDP 


231784-17 


Figure A-4. Loading and Starting the 80186 DMA Controller 
22-352 


FRR REE RARER EERE RE RERERKEREREREREREREREREREREREEREREERERRERR RES 
; 80186 INTERRUPT ROUTINE 


INT_186: 


PUSH 
PUSH DX 


AX 


MOV AX,NSPEC_BIT ; SEND NSPEC END OF INT © 
MOV DX,EOI_INTR 
OUT DX,AX 


MOV’ AL,01100001B. 5 " 
OUT EOI_SINTR,AL 


IN AL,ST_44 ; READ THE STATUS 
AND AX,OFFH 


; DECODE STATUS AND TAKE APPROPRIATE ACTION 


MOV DX,CTL_DMA1 | ; DISABLE DMA 
IN AX, DX 

OR AX,0100B 

AND AX,NOT 010B 

OUT DX,AX 


MOV CMND FLAG, TRUE 


DX 


231784-18 


Figure A-5. Interrupt Service Routine 


PRAHA AEERERERERKEREERREREREREEEREREEEERKEEREEREREKERERREKKEKKE 


BEGIN: 
cLI 
CLD 


; SET ALL REGISTERS SMALL MODEL 


MOV SP, DATA 
MOV DS, SP 

MOV ES, SP 

MOV SP, STACK 

MOV ss,SP 

MOV SP,OFFSET TOS 


SETUP INTERRUPT VECTORS 


PUSH ES 
XOR AX, AX 
MOV ES,AX 


MOV © WORD PTR ES:IV_INTRO +0, OFFSET INT_186 
MOV -—SsS WORD -PTR ES:IV_INTRO +2, CS 
POP ES 


SETUP 80130 INTERRUPT CONTROLLER 


MOV AL,00010011B 
ouT EOI SINTR,AL 
MUL AL 


MOV AL, IV_BASE 
OUT MASK_SINTR, AL 
MUL AL 


MOV AL, 00000000B 
OUT MASK_SINTR, AL 
MEL oS ABS RIC 


MOV AL, OFCH 
OUT MASK _SINTR, AL 
231784-19 


Figure A-6. Example of Executing Commands 
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> 


; SETUP 80186 INTERRUPT CONTROLLER 


MOV AX, 0000000000100000B 
MOV 
out 


MOV 

IN AX, DX 

OR AX,0000000000101000B 
ouT DX, AX 


MOV AX, OOOEDH 
MOV DX,MASK_INTR 
OUT DX, AX 

STI ! 


;*** SEND CONFIURE COMMAND 


PUSH WORD PTR CON_BUFFER 
PUSH DS “ 

PUSH OFFSET CON_BUFFER 
CALL CONF_COMMAND 

ADD SP,3*2 


; WAIT FOR END OF COMMAND 


WAITL: 
| CMP CMND_FLAG, TRUE 
JNE WAITI 
MOV CMND_FLAG, FALSE 


;*** SEND DUMP COMMAND 


PUSH WORD PTR DUM_BUFFER 
PUSH DS 

PUSH OFFSET DUM_BUFFER 
CALL DUMP_COMMAND 

ADD SP,3*2 


WAIT2: 
CMND_FLAG, TRUE 
WAIT2 
CMND_FLAG, FALSE 


;*#** SEND COMMAND 


WORD PTR TRA_BUFFER 
DS 

OFFSET TRA_BUFFER 
XMIT_COMMAND 

SP,3*2 


WAIT3: 
CMND_FLAG, TRUE 
INE WAITS 
MOV CMND_ FLAG, FALSE 


3;*#** SEND RECEIVE COMMAND 


PUSH WORD PTR REC_BUFFER 
PUSH DS 

PUSH OFFSET REC_BUFFER 
CALL RECV_COMMAND 

ADD SP,3*2 


CMND_FLAG , TRUE 
WAIT4 
CMND_FLAG, FALSE 


ENDS 
BEGIN 


; MASK ALL BUT I0 


;ENABLE INTERRUPTS 


PUSH BUFFER SIZE 

PUSH BUFFER SEGMENT REGISTER 
PUSH OFFSET OF BUFFER 

CALL CONFIGURE 


BUFFER SIZE 

BUFFER SEGMENT REGISTER 
OFFSET OF BUFFER 
CONFIGURE 


BUFFER SIZE 

BUFFER SEGMENT REGISTER 
OFFSET OF BUFFER 
COMMAND 


BUFFER SIZE 

BUFFER SEGMENT REGISTER 
OFFSET OF BUFFER 
COMMAND 


Figure A-6. Example of Executing Commands (Continued) 
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231784-20 
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$DEBUG NOMOD51 
SINCLUDE (REG44. PDF) 


; THE 8044 SOFTWARE DRIVER FOR THE 80186/8044 INTERFACE. 


ORG OOH ; LOCATIONS 00 THRU 26H ARE USED 
SJMP INIT + BY INTERRUPT SERVICE ROUTINES. 
ORG 03H ; VECTOR ADDRESS FOR EXT INTO. 
JMP  EINTO 

ORG 23H ; VECTOR ADDRESS FOR SERIAL INT 
JMP SIINT 


{RRRRRRRRERRARRARKKRKEKR TNITIALIZATION 822 RRRRERRRERRERRRRRRERRER 


ORG 26H 
INIT: MOV TCON,#00000001B 


EXT INTO: EDGE TRIGGER 


; 
MOV IE,#00010001B ; SI=EX0=1 
CLR Pl.l ; CLEAR DRQ STATUS BIT 
SETB EA ; ENABLE INTERRUPTS 
DOT: SJMP DOT ; WAIT FOR AN INTERRUPT 


Figure A-7. Initialization Routine 


PRARRRERRRHRERERKEREKEXTERNAL INTERRUPT 0 #8 8X RRRRRERERRERRERRRR 
EINTO: CLR P1.5 ; CLEAR THE E BIT 
MOV DPTR, #100H ; LOAD DATA POINTER WITH A DUMY NUMBER 
MOVX A,@DPTR ; READ THE COMMAND BYTE. 
ANL A,#00001111B ; KEEP THE OPERATION FIELD 
MOV R2,A_ + SAVE COMMAND 


COMMAND AND JUMP TO THE APPROPRIATE ROUTINE 
COMMAND OPERATION (BITSO-3) 


ABORT 00H 
REC~DISABLE 01H 
TRA-DISABLE 02H 
RECEIVE 03H 
TRANSMIT 04H 
DUMP OSH 
CONFIGURE 06H 
NOP 07H 


=e Se te te te Se Te Te TO Te Me 


JNB Px0,J1 ; IF INTO IS SET TO PRIORITY 1, 
JMP CABO ;THEN DMA OPERATION WAS IN PROGRESS. 


; EXECUTE ABORT REGARDLESS OF THE 
;COMMAND ISSUED. 

A, #00H,J2 + EXECUTE ABORT 
CABO } THIS LINE WILL BE EXECUTED IF ABORT WAS 
;ISSUED WHEN THE 8044 IS NOT EXECUTING 
;ANY COMMANDS. 
CRDIS ? EXECUTE RECEIVE-DISCONNECT 
A, #0B5H, 34 
CTDIS + EXECUTE TRANSMIT-DISCONNECT 
A, #03H,J5 
CREC + EXECUTE RECEIVE 
A, #04H,J6 
CTRA # EXECUTE TRANSMIT 
A,#05H,J7 | 
CDUMP ; EXECUTE DUMP 
A, #06H,J8 
CCON EXECUTE CONFIGURE 
A, #07H,J9 , ‘ 
CNOP EXECUTE NOP 

RETURN. OPERATION NOT RECOGNIZED. 


Figure A-8. External Interrupt Service Routine 
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231784-22 


231784-23 


i 


; ** NOP COMMAND 


IGNORE PENDING EXT INTO (IF ANY). 
ANY INTERRUPT (COMMNAD) DURING 
EXECUTION OF AN OPERATION IS IGNORED 
RETURN 


CNOP: CLR IEO 


=e =e Se Se 


RETI 


ABORT COMMAND 


WAS DMA IN PROGRESS? 
YES. EXT INTO: PRIORITY 0 
CLEAR DMA REQUEST 


CABO: JNB PX0, CABOJ1 
CLR PXO 
CLR Pl.l1 


=e te Se 


UPDATE STATUS WITH 
ABORT=DONE EVENT 
(STATUS=DDH; E=0) 


SETB P1.2 
SETB Figs 
SETB P1.4 


=e te te 


CLR IEO ; IGNORE PENDING EXT INTO (IF ANY). 

CLR P1.0 

SETB P1.0 SET INT BIT AND INTERRUPT 80186 

JB P3.2,$ WAIT TILL INTERRUPT IS ACKNOWLEDGED 
EXECUTE THE NEXT "RETI" TWICE 

POP ACC POP OUT THE OLD HI BYTE PC 

POP ACC POP OUT THE OLD LOW BYTE PC 


HI BYTE ADDRESS OF. CABOJ2 
LOW BYTE ADDRESS OF CABOJ2 


MOV B, #HIGH($+10) 
MOV ACC, #LOW($+7) 


=e Se Se Se Se te te Se 


PUSH ACC ‘; PUSH THE ADDRESS OF THE NEXT 
PUSH B ;"RETI" INSTRUCTION INTO STACK 
CABOJ2: RETI ; RETURN 
CABOJ1: NOP + DMA WAS NOT IN PROGRESS 
SETB P1.5 + SET THE E BIT 


SETB P1.2 ; ; UPDATE STATUS WITH 
SETB P1.3 ;ABORT-DONE EVENT 
} (STATUS=FDH; E=1) 


CLR ITEO ; IGNORE PENDING EXT INTO (IF ANY). 


SET INT BIT AND INTERRUPT 80186 
WAIT TILL INTERRUPT IS ACKNOWLEDGED 


231784-24 


Figure A-9. Execution of NOP and ABORT Commands 


; ** CONFIGURE COMMNAD 


CCON: MOV DPTR, #100H 
CLR IEO 
PXO 


IGNORE PENDING EXT INTO (IF ANY) 
EXT INTO: PRIORITY 1 

PXO IS SET TO ACCEPT ABORT 
DURING DMA OPERATION. 

ENABLE DMA REQUEST 

WAIT FOR DMA ACK. 
READ FROM COMMAN/DATA REGISTER 
LOAD BYTE COUNT 

DECREMENT BYTE COUNT 

WAIT FOR DMA ACK. 

READ FROM COMMAND/DATA REGISTER 
LOAD FIRST-BYTE 

WAIT FOR DMA ACK. 

READ FROM COMMAND/DATA REGISTER 
CHECK THE FIRST-BYTE 

UPDATE THE STS REGISTER 

INC. POINTER TO THE CONF. BLOCK 
CHECK THE BYTE COUNT 


7 


R1,#01H,CCONJ1 
STS,A 
Rl 
RO, CCONF4 
CCONT1 
CCONF4: P3.3,CCONF4 
A, @DPTR 
CCONIJ1: R1, #02H,CCONJ2 
SMD,A 
Rl 
RO,CCONF5 
CCONT1 
CCONFS: P3.3, CCONFS 
A, @DPTR 
CCONT2: R1, #03H, CCONJ3 
STAD,A 
R1 
RO, CCONF6 
CCONT1 
CCONF6: P3.3,CCONF6 
A,@DPTR 
CCONJ3: R1,#04H,CCONJ4 


° 
f 
° 
’ 
° 
, 
© 
‘ 
° 
’ 
. 
’ 
. 
’ 
’ 
e 
‘ 
° 
’ 

. 
Ul 

. 
’ 

. 
‘ 

. 
‘ 

. 
‘ 

. 
‘ 

* 
‘ 
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Figure A-10. Execution of CONFIGURE Command 
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TBS,A 

R1 

RO, CCONF7 

CCONT1 b; 
CCONF7: P3.3,CCONF7 

A, @DPTR 
CCONJ4: R1, #05H, CCONJ5 

TBL,A 

R1 

RO, CCONF8 

CCONT1 
CCONF8: P3.3,CCONF8 

A, @DPTR 
CCONTS5: R1, #06H, CCONJ6 

RBS, A 

R1 

RO, CCONF9 

CCONT1 

P3.3,CCONF9 

A, @DPTR 

R1, #07H, CCONJ7 

RBL,A 

R1 

RO, CCONFA 

CCONT1 

P3.3,CCONFA 

A, @DPTR 

R1, #08H, CCONJS 

IP,A 

R1 

RO, CCONFB 

CCONT1 

P3.3,CCONFB 

A, @DPTR 

R1, #09H, CCONJ9 

IE,A 

R1 

RO, CCONFC 


CCONT1 n 
CCONFC: P3.3,CCONFC 231784-26 


A, @DPTR 
CCONJ9: R1, #0AH, CCONJA 
TMOD,A 
Rl 
RO, CCONFD 
CCONT1 
CCONFD: P3.3,CCONFD 
A, @DPTR 
CCONJA: Rl, #0BH, CCONJB 
TCON,A 
Rl 
RO, CCONFE 
CCONT1 
CCONFE: P3.3,CCONFE 
; A, @DPTR 
CCONJB: R1, #0CH, ERROR1 
PSW,A 
Rl 
RO, ERROR1 
CCONT1 


ERROR1: + ILLEGAL BYTE COUNT 
P1.5 SET THE E STATUS BIT 


CCONT1: 
i tae # CLEAR DMA REQUEST — 
PXO # EXT INTO: PRIORITY 0 


Pl.2 ; UPDATE STATUS WITH 
P1.3 #CONFIGURE=DONE EVENT 
Pl.4 (STATUS=C5H IF E=0) 


IEO IGNORE PENDING EXT INTO (IF ANY) 
P1.0 
P1.0 INTERRUPT THE 80186 
P3.2,$ WAIT TILL INTERRUPT IS ACKNOWLEDGED 
+ RETURN 
231784-27 


Figure A-10. Execution of CONFIGURE Command (Continued) 
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LOAD THE FIRST DUMP REG INTO ACC . 


CDUMP: MOV A,STS ; 
MOVX €@DPTR,A ; WRITE TO THE COMMAND/DATA REGISTER 
CLR IEO ; IGNORE PENDING EXT INTO (IF ANY 
SETB PXO 3 INTRERRUPT 0: PRIORITY 1 
SETB Pl.1l ; ENABLE DMA REQUEST 
JB P3.3,$ ; WAIT FOR DMA ACK 


7. 231784-28 
2 
mows 
Jan: 
chs 
7 
Se | 
ea 
as ; DISABLE DRQ | 
Aw ; EXTERNAL INTO: PRIORITY 0 
s 
1 OS CLR P1.4 ; (STATUS=CDH) 7 
4 J CLR IEO ; IGNORE PENDING EXT INTO © 
a ck . $1.0 
a ; INTERRUPT THE 80186 
ri? ; WAIT TILL INTERRUPT IS ACKNOWLEDGED 
; RETURN 
; 231784-29 
ae. . . Figure A-11. Execution of DUMP Command 
"i . ; a, 
- 
:. 
| 4 
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CREC: 


CRECJ1: 


CLR 


CTRAJ2: JB 


CTRAJ3: JB 


CTRAJ4: JB 


CTRAJS5: 


7 ** RECEIVE COMMAND. 


RBE, CRECJ1 
P1.5 
RBE 
RBP 
IEO 


COMMAND. 
R1,TBS 
IEO 
PXO 
Plz 
P3.3,$ 
A, @DPTR 
RO,A 
A 
A 
TBL,A 
P3.3,CTRAJ2 


. 
’ 
° 
’ 
. 
’ 
° 
’ 
. 
’ 
. 
‘ 


IS SIU ALREADY IN RECEIVE MODE? 


YES. SET THE E BIT 

NO. ENABLE RECEPTION 

CLEAR RECEIVE BUFFER PROTECT BIT 
IGNORE PENDING EXT INTO (IF ANY) 
RETURN. UPDATE STATUS IN THE 
SIU INTERRUPT ROUTINE. 


; LOAD TRANSMIT BUFFER START 
; IGNORE PENDING EXT INTO (IF ANY) 
; EXT INTO: PRIROITY 1 

; ENABLE DMA REQUEST 

; WAIT FOR DMA ACK. 

; READ FROM COMMAND/DATA REG. 

; LOAD THE BYTE COUNT 

} SUBTRACT 2 FROM THE BYTE 

;COUNT AND LOAD INTO XMIT 
; LOAD BUFFER LENGTH 

; WAIT FOR DMA ACK. 

; READ FROM COMMAND/DATA REG. 
; LOAD DESTINATION ADDRESS 
+ DECREMENT THE BYTE COUNT 
; WAIT FOR DMA ACK. 

; READ FROM COMMAND/DATA REG. 
+ LOAD THE TRANSMIT CONTROL BYTE 
; IS THERE ANY INFO. BYTE? 
+; NO. 

; YES. WAIT FOR DMA ACK. 
; READ FROM COMMAND/DATA REG. 

; MOVE DATA TO THE TRANSMIT BUFFER 

; INC. POINTER TO BUFFER 

; LAST BYTE FETCHED INTO THE BUFFER? 
; FETCH THE NEXT BYTE 

; YES. DISABLE DMA REQUEST 

; EXT INTO: PRIORITY 0 

+ SET TRANSMIT BUFFER FULL 

; ENABLE TRANSMISSION 

; IGNORE PENDING EXT INTO (IF ANY) 

; RETURN. UPDATE STATUS IN THE 

;SIU INTERRUPT ROUTINE 


NO. 


Figure A-12. Execution of RECEIVE and TRANSMIT Commands 


3; ** TRANSMIT-DISCONNECT COMMAND 


CTDIS: JB 

SETB 
CLR 
CLR 
RETI 


CTDIJ1: 


3; ** RECEIVE-DISCONNECT COMMAND 


CRDIS: 
CRDIJ1: 


Figure A-13. Execution of RECEIVE-DISCONNECT and TRANSMIT-DISCONNECT Commands 


TBF,CTDIJ1 
Pi 

TBF 

IEO 


RBE, CRDIJ1 
Pl.S 
RBE 


Pl.2 
Pi.3 
P1.4 


IEO 
P1.0 
P1.0 
P3.2,$ 


? IS TRANSMIT BUFFER ALREADY EMPTY? 
+ YES, SET THE E BIT 

; NO. CLEAR TRANSMIT BUFFER 

+ IGNORE PENDING EXT INTO (IF ANY) 
; RETURN. UPATE STATUS IN THE 

;SIU INTERRUPT ROUTINE. 


; IS RECEIVE BUFFER ALREADY EMPTY? 
* YES. SET THE E BIT 
# NO. CLEAR RECEIVE BUFFER 


; UPDATE STATUS WITH 
;RECEPTION-DISABLED EVENT 
; (STATUS=D5 IF E=0) 


+ INTERRUPT THE 80186 
+ WAIT TILL INTERRUPT IS ACKNOWLEDGED 
; TURN 
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peekkkkekkeR SERIAL CHANNEL (SIU) 


SIINT: CLR SI 
MOV A,R2 
CINE A,#03H,SINTJ1 
JMP SIREC 

SINTJ1: CJNE A,#02H,SINTJ2 
JMP. SITDIS ! 

SINTJ2: JMP SITRA 


=e te te ese Se te 


7** TRANSMISSION IS DISABLED 


SITDIS: JB RTS, SINTJ3 
JNB TBF,SINTJ3 


CLR Pl1.2 
SETB Pil.3 
SETB P1.4 


CLR IEO ; 
P1.0 
P1.0 ; 
P3.2,$ ; 
TRANSMITTED 
RTS ,SINTJ3 


SETB P1.3 
SETB P1.4 


Hi 
? 
P1.2- ; 
; 
; 


CLR IEO 
CLR P1.0 
SETB P1.0 ; 
JB P3.2,$ ; 
RETI 

; ** A FRAME IS RECEIVED 


SIREC: JB RBE,SINTJ3 
JNB  BOV,SINTJ4 
SETB P1.5 
SINTJ4: MOV RO,RFL 
MOV R1,RBS 
CLR  IEO 
SETB PXO 


MOV A,@R1 
MOVX @DPTR,A 
SETB Pl.1 

INC Rl 

JB P3.3,$ 
DINZ RO,CINTJ7 
SJMP CINTJ8 


MOV A,@R1 
MOVX @DPTR,A 
INC Rl 

JB P3.3,$ 
DINZ RO,CINTIJ7 


CINTJ8: A,RFL 
@DPTR,A 
P3.3,$ 
A, STAD 
@DPTR,A 
P3.3,$ 
A,RCB 
@DPTR,A 
P3.3,$ 
P1.1 
PXO 


INTERRUPT #2kktkerakeaeeearen 


LOAD THE OPERATION FIELD 
RECEIVE COMMAND PENDING? 
YES. 

TRANSMIT=DISCONNECT PENDING? 
YES. 

TRANSMIT COMMAND IS PENDING 


REQUEST TO SEND ENABLED? 
YES. TRANSMISSION DISABLED? 
YES. 

UPDATE STATUS WITH 


#TRANSMISSION-DISABLED EVENT 
+ (STATUS=D9H) 


IGNORE PENDING EXT INTO 


INTERRUPT THE 80186 
WAIT TILL INTERRUPT IS ACKNOWLEDGED 


A FRAME TRANSMITTED? 
YES. 
UPDATE STATUS WITH 


TRANSMIT-DONE EVENT 


=e “se se se te Se Se 


=e te Se Se Se Se Ne 


se te Se te Se we te Se Me Te Me Se Se Se Se Se Fe 


(STATUS=C9) . 


INTERRUPT THE 80186 
WAIT TILL INTERRUPT IS ACKNOWLEDGED 


RECEIVE BUFFER FULL? 

YES. BUFFER OVERRUN? 

YES. SET THE E BIT 

LOAD RO WITH RECEIVE BYTE COUNT 
LOAD Rl WITH RECEIVE BUFFER ADDRESS 
IGNORE PENDING EXT INTO (IF ANY) 
EXT INTO: PRIORITY 1 


MOVE FIRST BYTE INTO ACC. 
WRITE TO THE COMMAND/DATA REG 
ENABLE DMA REQUEST 

INC POINTER TO RECEIVE BUFFER 
WAIT FOR DMA ACK. 

LAST BYTE MOVED? 

YES 


LOAD RECEIVED DATA INTO ACC. 

WRITE TO THE COMMAND/DATA REG. 

INC POINTER TO RECEIVE BUFFER 

WAIT TILL DMA ACK 

LAST BYTE MOVED TO COMMAND/DATA REG? 
NO. DEPOSIT THE NEXT BYTE 

LOAD BYTE COUNT 


WRITE, TO THE COMMAND/DATA REG 


WAIT FOR DMA ACK. 
LOAD STATION ADDRESS 

WRITE TO THE COMMAND/DATA REG 
WAIT FOR DMA ACK. | 

LOAD RECEIVE CONTROL BYTE 
WRITE TO THE COMMAND/DATA REG 
WAIT FOR DMA ACK. 

CLEAR DMA REQUEST 

EXTERNAL INTERRUPT: PRIORITY 0 


Figure A-14. Serial Channel Interrupt Routine 
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ka » y 
a A a 5 t 


7 7 UPDATE STATUS WITH = | 173 . 
ise Or, Vee . Pl . ;RECEIVE-DONE EVENT | oti LT ea ae 
rami gen aedie N PSRERD PEW - : <<) (STRRVEMDIN TISERO}> ee es cee oct PS 


far a cin ~~ Ifo.” ‘ _ 3 IGNORE PENDING EXT INTO i ; eh or 5 

me —_ c P10. ; “ . o Shae 
“ : a SETB P1.0 woes } INTERRUPT THE 80186 : > 
: IB)" «P3428 = ; WAIT TILL INTERRUPT IS ACKNOWLEDGED ~=—~ Se axed 

: 9 . . L's : C5 re : 24 ei dae oa a 
SINTJ3: NOP ~ rf tant : Sirs ey roan me | ‘ 

END . 
f . ee BI Ed Ti 9: ) t .  OURORBler sm 53." 
Figure A-14. Serial Channel Interrupt Routine (Continued) 
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8086/80186 | 


SOFTWARE PACKAGES 


8086/80186 Software Development 
Package 


m Macro Assembler with Complete 


System Development Capability for 
8086/80186 Designs 


m= Complete Set of Utilities for Object 
Module Management and Program 
Linkage 


FORTRAN 8086/80186 Software Package 


m@ Features High-Level Language Support 
for Floating-Point Calculation, 
Transcendentals, Interrupt Procedures, 
and Run-Time Exception Handling 


= Meets ANSI FORTRAN 77 Subset 
Language Specifications 


= Supports Complex Data Types 


PASCAL 8086/80186 Software Package 


_m@ Object Compatible and Linkable with 


PL/M 8086, ASM 8086 and FORTRAN 86 
m Supports Large Array Operation 


PL/M 8086/80186 Software Package 


m@ Advanced Structured System 
implementation Language for Algorithm 
Development 


m@ Easy-to-Learn Block-Structured 
Language Encourages Program 
Modularity 


iC-86 Compiler for the 8086/80186 


= Implements Full ANSI Standard C 
Language 


m Produces High Density Code Rivaling 
Assembler 


© EXE file 
that runs 
under DOS 
Convert with 
i 
6 
Assign 
addresses with 
- 
' 


210689-6 


Figure 1. Program modules compiled with any of the 8086 languages may 
be linked together. Each language is compatible with Intel’s debug tools. 
This is an example of development under DOS. 


October 1987 
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intel 8086 SOFTWARE DEVELOPMENT PACKAGE 


8086/80186 SOFTWARE DEVELOPMENT PACKAGE 


m Complete System Development mg System Utilities for Program Linkage 
Capability for High-Performance 8086 and Relocation 
Applications m Package Supports Program 

m Macro Assembler for Machine-Level Development with PLM-86, Pascal-86, 
Programming FORTAN 86, & iC 86 


m@ Available on a Choice of Hosts 


The 8086 Software Development package contains a macro assembler, a program linker (for linking separate- 
ly compiled modules together, a system locator, library manager, an object to hex code converter, and a 
conversion utility to create DOS executable files. 


All the utilities in the Software Development Package run on the Intel Microcomputer Development Systems 
(Series Ill/Series IV) as weil as the IBM PC XT/AT DEC VAX? Minicomputer under the VMSt Operating 
System, and Intel systems 86/3XX under iRMXT™686, and Intel System 286/3XX under iRMX™286. 
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TVAX, VMS are trademarks of Digital Equipment Corporation. 
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intel | 8086 SOFTWARE DEVELOPMENT PACKAGE 


8086/80186 MACRO ASSEMBLER 


m Produces Relocatable Object Code m “Strongly Typed’ Assembler Helps 
Which is Linkable to All Other Intel Detect Errors at Assembly Time 
86/186 Object Modules, Generated by = »_ High-Level Data Structuring Facilities 
intel 8086 Compilers Such as “STRUCTURES” and 

m@ Powerful and Flexible Text Macro “RECORDS” 

Facility with Three Macro Listings ) m Over 120 Detailed and Fully 


Options to Aid Debugging 


= Highly Mnemonic and Compact 
Language, Most Mnemonics Represent 
Several Distinct Machine Instructions 


Documented Error Messages 


ASM-86 is the “high-level” macro assembler for the 86/186 assembly language. ASM-86 translates symbolic 
86/186 assembly language mnemonics into 86/186 relocatable object code. 


ASM-86 should be used where maximum code efficiency and hardware control is needed. The 86/186 assem- 
bly language includes approximately 100 instruction mnemonics. From these few mnemonics the assembler 
can generate over 3,800 distinct machine instructions. Therefore, the software development task is simplified, 
as the programmer need know only 100 mnemonics to generate all possible 86/186 machine instructions. 
ASM-86 will generate the shortest machine instruction possible given no forward referencing or given explicit 
information as to the characteristics of forward referenced symbols. 


ASM-86 offers many features normally found only in high-level languages. The 86/186 assembly language is 
strongly typed. The assembler performs extensive checks on the usage of variables and labels. The assembler 
uses the attributes which are derived explicitly when a variable or label is first defined, then makes sure that 
each use of the symbol in later instructions conforms to the usage defined for that symbol. This means that 
many programming errors will be detected when the program is assembled, long before it is being debugged 
on hardware. 
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intel 8086 csitiaa DEVELOPMENT PACKAGE 


LINK-86 


‘@ Automatic Combination of 8086 = Automatic Generation of a Summary 
Programs Separately Translated Using Map Giving Results of the LINK-86 
intel Compilers or Assemblers into Process 


Relocatable Object Module m Abbreviated Control Syntax 
= Automatic Selection of Required Relocatable Modules May Be Merged 


Modules from Specified Libraries to into a Single Module Suitable for 
Satisfy Symbolic References Inclusion in a Library 


m@ Extensive Debug Symbol Manipulation, Pe 9 
allowing Line Numbers, Local Symbols,  % SUPPorts “Incremental” Linking 
and Public Symbols to be Purged and m Supports Type Checking of Public and 
Listed Selectively External Symbols 


LINK-86 combines object modules specified in the LINK-86 input list into a single output module. LINK-86 
combines segments from the input modules according to the order in which the modules are listed. 


LINK-86 will accept libraries and object modules built ie any Intel translator generating 8086 Relocatable 
Object Modules. 


Support for incremental linking is provided since an output module produced by LINK-86 can be an input to 
another link. At each stage in the incremental linking process, unneeded public symbols may be purged. 


LINK-86 supports type checking of PUBLIC and EXTERNAL symbols reporting a warning if their types are not 
consistant. 


LINK-86 will link any valid set of input modules without any controls. However, controls are available to control 
the output of diagnostic information in the LINK-86 process and to control the content of the output module. 


LINK-86 allows the user to create a large program as the combination of several smaller, separately compiled 


modules. After development and debugging of these component modules the user can link them together, 
locate them using LOC-86 and enter final testing with much of the work accomplished. 
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Intel 8086 SOFTWARE DEVELOPMENT PACKAGE 


LOC-86 


m Automatic Generation of a Summary m= Segments May be Relocated to Best 
Map Giving Starting Address, Segment Match Users Memory Configuration 
Addresses and Length, and Debug m Extensive Debug S 

‘ ymbol Manipulation 
Symbols and Their Addresses Allowing Line Numbers, Local Symbols, 
m@ Abbreviated Control Syntax and Public Symbols to be Purged and 


Listed Selectively 


Relocatability allows the programmer to code programs or sections of programs without having to know the 
final arrangement of the object code in memory. 


LOC-86 converts relative addresses in an input module in 86/186 object module format to absolute address- 
es. LOC-86 orders the segments in the input module and assigns absolute addresses to the segments. The 
sequence in which the segments in the input module are assigned absolute addresses is determined by their 
order in the input module and the controls supplied with the command. 


LOC-86 will relocate any valid input module without any controls. However, controls are available to control the 
output of diagnostic information in the LOC-86 process, to control the content of the output module, or both. 


The program you are developing will almost certainly use some mix of random access memory (RAM), read- 
only memory (ROM), and/or programmable read-only memory (PROM). Therefore, the location of your pro- 
gram affects both cost and performance in your application. The relocation feature allows you to develop your 
program and then simply relocate the object code to suit your application. 
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LIB-86 
m@ LIB-86 is a Library Manager Program @ Libraries Can be Used as Input to 
which Allows You to: LINK-86 which Will Automatically Link | 
— Create Specifically Formatted Files Modules from the Library that Satisfy 
to Contain Libraries of Object External References in the Modules 
Modules Being Linked 
— Maintain These Libraries by Adding m Abbreviated Control Syntax 


or Deleting Modules 
— Print a Listing of the Modules and 
Public Symbols in a Library File 


Libraries aid in the job of building programs. The library manager program LIB-86 creates and maintains files 
containing object modules. The operation of LIB-86 is controlled by commands to indicate which operation 
LIB-86 is to perform. The commands are: 


CREATE: creates an empty library file 

ADD: adds object modules to a library file 

DELETE: deletes modules from a library file 

LIST: lists the module directory of library files 

EXIT: terminates the LIB-86 program and returns control to VMS 


When using object libraries, the linker will call only those object modules that are required to satisfy external 
references, thus saving memory space. 


OH-86 
m@ Converts an 86/186 Absolute Object m Converts an Absolute Module to a More 
Module to Symbolic Hexadecimal Readable Format that can be Displayed 
Format on a CRT or Printed for Debugging 


m Facilitates Preparing a File for Loading 
by Symbolic Hexadecimal Loader (e.g. 
iSBCT™ Monitor SDK-86 Loader), or 
Universal PROM Mapper 


The OH-86 utility converts an 86/186 absolute object module to the hexadecimal format. This conversion may 
be necessary for later loading by a hexadecimal loader such as the iSBC 86/12 monitor or the Universal 


PROM Mapper. The conversion may also be made to put the module in a more readable format that can be 
displayed or printed. 


The module to be converted must be in absolute form; the output from LOC-86 is in absolute format. 
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SPECIFICATIONS 


Documentation Package | 
ASM-86 Assembly Language Reference Manual 


8086/87/88 Macro Assembler Operating Instructions 


iAPX 86 Family Utilities User’s Guide 


Support Available 
Software Updates, Subscription Service, Hotline Support 


ORDERING INFORMATION 


Order Code Operating Environment 

D86ASM86 IBM PC XT/AT running PC DOS Version 3.0 or later 
VVSASM86 VAXt/VMSt 

MVVSASM86 MICROVAXt/VMSt 

R86ASM86 Intel 86/3XX Systems running: iRMX™ 86 
R286ASM286 Intel 286/3XX Systems running: iIRMX™ 286 


TMICROVAX, VAX, VMS are trademarks of Digital Equipment Corporation. 
*IBM, AT are registered trademarks of International Business Machines Corporation. 
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FORTRAN 8086/80186 
SOFTWARE PACKAGE 


Features High-Level Language Support 
for Floating-Point Calculations, 
Transcendentals, Interrupt Procedures, 
and Run-Time Exception Handling 


Meets ANSI FORTRAN 77 Subset 
Language Specifications 


Supports 8086/20, 8088/20 Numeric 
Data Processor for Fast and Efficient 
Execution of Numeric Instructions 


Uses REALMATH Floating-Point 
Standard for Consistent and Reliable 
Results 


Supports Arrays Larger Than 64K 
Unlimited User Program Symbols 


Offers Upward Compatibility with 
FORTRAN 80 


Provides FORTRAN Run-Time Support 
for 86/186 Based Design 


Provides Users Ability to do Formatted 
and Unformatted I/O with Sequential or 
Direct Access Methods 


I2ICET Symbolic Debugging Fully 
Supported 


PSCOPE Source Level Debugging Fully 
Supported | 


Supports Complex Data Types 
Choice of Industry Standard Hosts 


FORTRAN 86/186 meets the ANSI FORTRAN 77 Language Subset Specification and includes many features 
of the full standard. Therefore, the user is assured of portability of most existing ANS FORTRAN programs and 
of full portability from other computer systems with an ANS FORTRAN 77 Compiler. 


FORTRAN 86/186 is available to run on the Intel Microcomputer Development Systems (Series II|/Series IV) 
as well as the IBM PC XT/AT running PC DOS Version 3.0 or later, Digital Equipment VAXt/VMS¥# and Intel 
System 86/3XX running iRMX™ 86 operating system. 


FORTRAN 86/186 is one of a complete family of compatible programming languages for 8086, 8088, 80186, 
80188 development: PL/M, Pascal, FORTRAN, C, and Assembler. Therefore, users may choose the language 
best suited for a specific problem solution. 


TtVAX, VMS are trademarks of Digital Equipment Corporation. 


*IBM, AT are registered trademarks of International Business Machines Corporation. 
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FEATURES 


Extensive High-Level Language 
Numeric Processing Support 


Single (32-bit), double (64-bit), and double extended 
precision (80-bit) complex (two 32-bit), and double 
complex (two 64-bit) floating-point data types 


REALMATH Proposed IEEE Floating-Point Stan- 
dard) for consistent and reliable results 


Full support for all other data types: integer, logical, 
character 


Ability to use hardware (8086/20, 8088/20 Numeric 
Data Processor) or software (simulator) floating- 
point support chosen at link time 


ANSI FORTRAN 77 Standard 


FORTRAN 86/186 SOFTWARE PACKAGE 


Intel® Microprocessor Support 


FORTRAN 86/186 language features support of 
8086/20, 8088/20 Numeric Data Processor 


Compiler generates in-line iAPX 8086/20, 8088/20 
Numeric Data Processor object code for floating- 
point arithmetic (See Figure 2) 


Intrinsics allow user to control iAPX 8086/20, 8088/ 
20 Numeric Data processor 


8086, 8088, 80186, 80188 architectural advantages 
used for indexing and character-string handling 


Symbolic debugging of application using ICE emula- 
tors | 


Source level debugging using PSCOPE 


FLOATING-POINT-STATEMENT 


TEMPER = (PRESS = VOLUM / QUEK) = 3.45 / (PRESS = VOLUM / QUEK 
& - (PRESS - VOLUM / QUEK) * (PRESS = VOLUM / QUEK) 


OBJECT CODE GENERATED 


Intel FORTRAN 8086 Compiler 


8086/20, 8088/20 
MACHINE-CODE 


9BD9060C00 
9BD8360000 
9BD82E0800 
9BDDD1 
9BZED83E0000 
9BD9CI9 
9BDDD2 
9BDEES9 
9BD9C1 
9BD8C8 
9BDDC2 
9BDEE1 
9BD91E0400 
9B 7 


ASSEMBLER MNEMONICS 


; STATEMENT # 2 


TOS + 2H 
TOS+ 1H 
TOS 

TOS+ 2H 


TEMPER 


Figure 2. Object code generated by FORTRAN 86/ 186 for a floating-point 
calculation using 8086/20, 8088/20 Numeric Processor. 
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Microprocessor Application Support 
— Direct byte- or word-oriented port I/O 


— Reentrant procedures 
— Interrupt procedures 


BENEFITS 


FORTRAN 86/186 provides a means of developing 
application software for the Intel 86/186 products 
lines in a familiar, widely accepted, and industry- 
standard programming language. FORTRAN 
86/186 will greatly enhance the user’s ability to pro- 
vide cost-effective software development for Intel 
microprocessors as illustrated by the following: 


Early Project Completion 


FORTRAN is an industry-standard, high-level nu- 
merics processing language. FORTRAN program- 
mers can use FORTRAN 86/186 on microprocessor 
projects with little retraining. Existing FORTRAN 
software can be compiled with FORTRAN 86/186 
and programs developed in FORTRAN 86/186 can 
run on other computers with ANSI FORTRAN 77 
with little or no change. Libraries of mathematical 
programs using ANSI 77 standards may be compiled 
with FORTRAN 86/186. 


Application Object Code Portability for 
a Processor Family 


FORTRAN 86/186 modules “‘talk’’ to the resident 
Intellec development operating system using Intel’s 
standard interface for all development-system soft- 
ware. This allows an application developed under 
the ISIS-Il operating system to execute on iRMX/86, 
or a user-supplied operating system by linking in the 
iRMX/86 or other appropriate interface library. A 
standard logical-record interface enables communi- 
cation with non-standard |/O devices. 


FORTRAN 86/186 SOFTWARE PACKAGE 


Comprehensive, Reliable and Efficient 
Numeric Processing 


The unique combination of FORTRAN 8086/8088, 
8086/20, 8088/20 Numeric Data processor, and 
REALMATH (Proposed IEEE Floating-Point Stan- 
dard) provide universal consistency in results of nu- 
meric computations and efficient object code gener- 
ation. 


SPECIFICATIONS 


Documentation Package 
FORTRAN 86/88/186/188 User's Guide 


ORDERING INFORMATION 


Order Code Operating Environment 

D86FOR86 _ IBM PC XT/AT running PC DOS 
Version 3.0 or later 

R86FOR86 Intel System 86/3XX_ running 
iRMX 86 

VVSFOR86 For 86 VAX/VMS 4.3 and later 


SUPPORT AVAILABLE 


Software updates, Subscription Service, Hotline 
Support. 
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PASCAL 86/186 _ 
SOFTWARE PACKAGE 


m Choice of Industry Standard Hosts m@ Unlimited User Program Symbols 

m Object Compatible and Linkable with m Supports 8086/20, 8088/20 Numeric 
PL/M 86/186, ASM 86/186, iC86/186 Data Processors 
and FORTRAN 66/186 mg Strict Implementation of ISO Standard 

mw 12ICET Symbolic Debugging Fully Pascal 
supported | = Useful Extensions Essential for 

m PSCOPE Source Level Dubugging Fully Microcomputer Applications 
Supported | = Separate Compilation with Type- 

mu Implements REALMATH for Consistent Checking Enforced Between Pascal 
and Reliable Results | Modules 

m Supports Large Array Operation = Compiler Option to Support Full Run- 


Time Range-Checking 


PASCAL 86/186 conforms to and implements the ISO PASCAL standard. The language is enhanced to 
support microcomputer applications with special features, such as separate compilation, interrupt handling 
and direct port |/O. To assist the development of portable software, the compiler can be directed to flag all 
non-standard features. 


The PASCAL 86/186 compiler runs on Series IIl and Series IV Microcomputer Development Systems, as well 
as the IBM* XT/AT* running PC DOS Version 3.0 or later, Digital Equipment VAX/VMSf7, and Intel System 
8086/3XX running iRMX™ 86. 


A well-defined |/O interface is provided for run-time support. This allows a user-written operating system to 
support application programs as an alternate to the development system environment. Program modules 
compiled under PASCAL 86/186 are compatible and linkable with modules written in PL/M 86/186, 
ASM 86/186, C86/186 or FORTRAN 86/186. With a complete family of compatible programming languages 
for the 86/186 one can implement each module in the language most appropriate to the task at hand. 


PASCAL 86/186 object modules contain symbol and type information for program debugging using ICE emula- 
tors and PSCOPE source language debugger. For final production version, the compiler can remove this extra 
information and code. 


TVAX, VMS are trademarks of Digital Equipment Corporation. 
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FEATURES 


Includes all the language features of Jensen & Wirth 
Pascal as defined in the ISO Pascal Standard. 


Supports required extensions for microcomputer ap- 
plications. 


— Interrupt handling 
— Direct port I/O 


Separate compilation extensions allow: 
— Modular decomposition of large programs 
— Linkage with other Pascal modules as well as 


PL/M 86/186, ASM 86/186, C86/186 and FOR- 
TRAN 86/186 


— Enforcement of type-checking at LINK-time 


Supports numerous compiler options to control the 
compilation process, to INCLUDE files, flag non- 
standard Pascal statements and others to control 
program listing and object modules. 


Utilizes the IEEE standard for Floating-Point Arith- 
metic (the Intel REALMATH standard) for arithmetic 
operations. 


Well-defined and documented run-time operating 
system interfaces allow the user to execute the ap- 
plications under user-designed operations systems. 


Predefined type extensions allow: 


— Create precision in read, integer, and unsigned 
calculations. 


— Means to check 8087 errors 


— Circumvention of rigid type checking on calls to 
non-Pascal routines 


BENEFITS 


Provides a standard Pascal for 86/186 based appli- 

cations. 

— Pascal has gained wide acceptance as a porta- 
ble application language for microcomputer ap- 
plications 

— It is being taught in many colleges and universi- 
ties around the world — 

— lItis easy to learn, originally intended as a vehicle 
for teaching computer programming 


PASCAL 86/186 


— Improves maintainability: Type mechanism is 
both strictly enforced and user extendable 


— Few machine specific language constructs 


Strict implementation of the proposed ISO standard 
for Pascal aids portability of application programs. A 
compile time option checks conformance to the 
standard making it easy to write conforming pro- 
grams. 


PASCAL 86/186 extensions via predefined proce- 
dures for interrupt handling and direct port |/O make 
it possible to code an entire application in Pascal 
without compromising portability. 


Standard Intel REALMATH is easy to use and pro- 
vides reliable results, consistent with other Intel lan- 
guages and other implementations of the IEEE pro- 
posed Floating-Point standard. 


Provides run-time support for co-processors. All 
real-type arithmetic is performed on the 86/20 nu- 
meric data processor unit or software emulator. Run- 
time library routines, common between Pascal and 
other Intel languages (such as FORTRAN), permit 
efficient and consistently accurate results. 


Extended relocation and linkage support allows the 
user to link Pascal program modules with routines 
written in other languages for certain parts of the 
program. For example, real-time or hardware depen- 
dent routines written in ASM 86/186 or PL/M 
86/186 can be linked to Pascal routines, further ex- 
tending the user’s ability to write structured and 
modular programs. 


PASCAL 86/186 programs “talk” to the resident op- 
erating system using Intel’s standard interface for 
translated programs. This allows users to replace 
the development operating system by their own op- 
erating systems in the final application. 


PASCAL 8086/8088 takes full advantage of 86/186 
high level language architecture to generate efficient 


machine code. 


Compiler options can be used to control the program 
listings and object modules. While debugging, the 
user may generate additional information such as 
the symbol record information required and useful 
for debugging using PSCOPE or ICE emulation. After 
debugging, the production version may be stream- 
lined by removing this additional information. 
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ORDERING INFORMATION 


-, "4 


Ordering Code -__ Operating Environment 


D86PAS86 —=—~—_.._ IBM PC XT/AT running PC DOS Version 3.0 or later 

R86PAS86 Intel System 86/3XX running iRMX™ 86 

VVSPAS86 | e VAX/ VMS " 

ssiahilirteabg ys Sateen MERE MS 

Documentation Package o> aod SUPPORT ais 1 | 
PASCAL 86 User’s Guide. st Sug Hotline Telephone Support, Software Performance 


aie ix teen Report (SPR), Software Updates, Technical Re- 
. : : ports, and Monthly Technical Newsletters are avail- 
able. , | 
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PL/M 86/186 Software Package 


m@ Systems Programming Language for = Improved Compiler Performance Now 
the 86/186 Processors Supports More User Symbols and 


m Language is Upward Compatible from Faster Compilation Speeds 
PL/M 80, Assuring MCS®-80/85 Design m Produces Relocatable Object Code 
Portability Which Is Linkable to All Other 8086 


m Advanced Structured System Object Modules 
implementation Language for Algorithm |= Code Optimization Assures Efficient 


Development Code Generation and Minimum 
m Supports 16-Bit Signed Integer and 32- Application Memory Utilization 
Bit Floating Point Arithmetic in @ Built-in Syntax Checker Doubles 
Accordance with IEEE Proposed __.. Performance for Compiling Programs 
Standard Containing Errors 
m Easy-to-Learn Block-Structured m Resident on Choice of Hosts 
eee Encourages Program m |2ICE Symbolic Debugging Fully 
Seaareg ey Supported 
m PSCOPE Source Level Debugging Fully 
Supported 


PL/M 86/186 is an advanced, structured, high-level systems programming language. The PL/M 86/186 com- 
piler was created specifically for performing software development for the Intel 86/186 Microprocessors. 
PL/M was designed so that program statements naturally express the program algorithm. This frees the 
programmer to concentrate on the logic of the program without concern for burdensome details of machine or 
assembly language programming (such as register allocation, meanings of assembler mnemonics, etc.). 


The PL/M 86/186 compiler efficiently converts free-form PL/M language statements into machine instruc- 
tions. Substantially fewer PL/M statements are necessary for a given application than if it were programmed at 
the assembly language or machine code level. 


The use of PL/M high-level language for system programming, instead of assembly language, results in a high 
degree of engineering productivity during project development. This translates into significant reductions in 
initial software development and follow-up maintenance costs for the user. 


PL/M 8086 is available to run on the Intellec® Microcomputer Development Systems (Series IIl/Series IV) as 
well as the IBM PC XT/AT, DEC VAXt/VMSf#, and Intel System 8086/3XX running iRMX™ 86. 


TtVAX, VMS are trademarks of Digital Equipment Corporation. 


22-375 


FEATURES 


Major features of the Intel PL/M 8086 compiler and 
programming language include: 


Block Structure 


PL/M source code is developed in a series of mod- 
ules, procedures, and blocks. Encouraging program 
modularity in this manner makes programs more 
readable, and easier to maintain and debug. The 
language becomes more flexible, by clearly defining 
the scope of user variables (local to a private proce- 
dure). 


The use of procedures to break down a large 
problem is paramount to productive software 
development. The PL/M 8086 implementation of a 
block structure allows the use of REENTRANT (re- 
cursive) procedures, which are especially useful in 
system design. 


Language Compatibility 


PL/M 8086 object modules are compatible with ob- 
ject modules generated by all other 8086 transla- 
tors. This means that PL/M programs may be linked 
to programs written in any other 8086 language. 


Object modules are compatible with In-Circuit Emu- 
lators; DEBUG compiler control provides the In-Cir- 
cuit Emulators with symbolic debugging capabilities. 


PL/M 8086 Language is upward compatible with 


-PL/M 80, so that application programs may be easily 


ported to run on the 8086. 


Supports Seven Data Types 


PL/M makes use of seven data types for various 
applications. These data types range from one to 
four bytes, and facilitate various arithmetic, logic, 
and addressing functions: 


— Byte: 8-bit unsigned number 

— Word: 16-bit unsigned number 

— DWORD: 32-bit unsigned number 
— Integer: 16-bit signed number 

— Read: 32-bit floating point number 


— Pointer: 16-bit or 32-bit memory address 
indicator 


— Selector: 16-bit base portion of a pointer 
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PL/M 86/186 SOFTWARE PACKAGE 


Another powerful facility allows the use of BASED 
variables that map more than one variable to the 
same memory location. This is especially useful for 
passing parameters, relative and absolute address- 
ing, and memory allocation. 


Two Data Structuring Facilities 


In addition to the five data types and based vari- 
ables, PL/M supports two data structuring facilities. 
These help the user to organize data into logical 
groups. 


— Array: Indexed list of same type of data elements 


— Structure: Named collection of same or different 
type data elements 


— Combinations of Each: Arrays of structures or 
structures of arrays 


8087 Numerics Support 


PL/M programs that use 32-bit REAL data may be 
executed using the Numeric Data Processor for im- 
proved performance. All floating-point operations 
supported by PL/M may be executed on the 
8086/20 or 8088/20 NDP, or the 8087 Emulator (a 
software module) provided with the package. Deter- 
mination of use of the chip or Emulator takes place 
at linktime, allowing compilations to be run-time in- 
dependent. 


Built-In String Handling Facilities 


The PL/M 8086 language contains built-in functions 
for string manipulation. These byte and word func- 
tions perform the following operations on character 
strings: MOVE, COMPARE, TRANSLATE, SEARCH, 
SKIP, and SET. 


interrupt Handling 


PL/M has the facility for handling interrupts. A pro- 
cedure may be defined with the INTERRUPT attri- 
bute, and the compiler willl automatically initialize an 
interrupt vector at the appropriate memory location. 
The compiler will also generate code to save and 
restore the processor status, for execution of the 
user-defined interrupt handler routine. The proce- 
dure SET$INTERRUPT, the function retuning an IN- 
TERRUPT$PTR, and the PL/M statement CAU- 
SES$INTERRUPT all add flexibility to user programs 
involving interrupt and handling. 
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Compiler Controls 


Including several that have been mentioned, the 
PL/M 8086 compiler offers more than 25 controls 
that facilitate such features as: 


— Conditional compilation 
— Including additional PL/M source files from disk 


— Corresponding assembly language code in the 
listing file 


— Setting overflow conditions for run-time handling 


Segmentation Control 


The PL/M 8086 compiler takes full advantage of 
program addressing with the SMALL, COMPACT, 
MEDIUM, and LARGE segmentation controls. Pro- 
grams with less than 64 KB total code space can 
exploit the most efficient memory addressing 
schemes, which lowers total memory requirements. 
Larger programs can exploit the flexibility of extend- 
ed one-megabyte addressing. 


Code Optimization 


The PL/M 8086 compiler offers four levels of opti- 
mization for significantly reducing overall program 
size. 


M:DO; /* Beginning of module */ 


SORTPROC: PROCEDURE (PTR, COUNT, RECSIZE, KEYINDEX@UBLCS; = SS 


PL/M 86/186 SOFTWARE PACKAGE 
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— Combination or “folding” of constant expres- 
sions; and short-circuit evaluation of Boolean ex- 
pressions | 


“Strength reductions” (such as a shift left rather 
than multiply by 2); and elimination of common 
sub-expressions within the same block 


Machine code optimizations; elimination of su- 
perfluous branches; re-use of duplicate code; re- 
moval of unreachable code 


Byte comparisons (rather than 20-bit address 
calculations) for pointer variables; optimization of 
based-variable operations 


Error Checking 


The PL/M 8086 compiler has a very powerful fea- 
ture to speed up compilations. If a syntax or program 
error is detected, the compiler will skip the code 
generation and optimization passes, This usually 
yields a 2X performance increase for compilation of 
programs with errors. 


A fully detailed set of programming and compilation 
errors is provided by the compiler. 


PUBLIC and EXTERNAL attributes promote 
program modularity. 


DECLARE PTR POINTER, (COUNT, RECSIZE, KEYINDEX) INTEGER, 


/* Parameters: 
PTR is pointer to first record. 
COUNT is number of records to be sorted. 


RECSIZE is number of bytes in each record—max is 128. 
KEYINDEX is byte position within each record of a BYTE scalar 


to be used as sort key. */ 


DECLARE CRECORD BASED PTR)(1) BYTE, 


URRENT (128) BYTE, 
(1, J) INTEGER: 


SORT: DO J=1 TO COUNT-1; 


FIND: 


“Based” Variables allow manipulation of external data by 
passing the base of the data structure (a pointer). This 
minimizes the STACK space used for parameter passing, and 
the execution time to perform many STACK operations. 


CALL MOVB(@RECORD(J"RECSIZE), C@CURRENT), RECSIZE): 
leJ: 
DO WHILE 1>0 


The AT" operator returns the address of a 
variable, instead of its contents. This is very useful 
in passing pointers for based variables. 


AND RECORD((!- 1)*RECSIZE + KEYINDEX) 


>CURRENT(KEYINDEX); 


CALL MOVB(@RECORD((I-— 1)"RECSIZE), 
@RECORD(I°RECSIZE), 


oy RECSIZE); 
1 
END FIND: 


CALL CMOVB) (@CURRENT, @RECORD(I"RECSIZE), RECSIZE 
END SORT; : ; 
END SORTPROC; 


/*End of module’/ 


One of several PL/M built-in procedures for string 
manipulation. 
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Figure 3. Sample PL/M 8086 Program 
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BENEFITS 


PL/M 8086 is designed to be an efficient, cost-effec- 
tive solution to the special requirements of 8086 Mi- 
crosystem Software Development, as illustrated by 
the following benefits of PL/M use: 


Cost-Effective Alternative to Assembly 
Language 


PL/M 8086 programs are code efficient. PL/M 8086 
combines all of the benefits of a high-level language 
(ease of use, high productivity) with the ability to ac- 
cess the 8086 architecture. Consequently, for the 
development of systems software, PL/M 8086 is the 
cost-effective alternative to assembly language pro- 
gramming. 


Low Learning Effort 


PL/M is easy to learn and to use, even for the nov- 
ice programmer. 


Earlier Project Completion 


Critical projects are completed much earlier than 
otherwise possible because PL/M 8086, a struc- 
tured high-level language, increases programmer 
productivity. 


Lower Development Cost 


Increases in programmer productivity translate im- 
mediately into lower software development costs 
because fewer programming resources are required 
for a given programmed function. 


Increased Reliability 


PL/M 8086 is designed to aid in the development of 
reliable software (PL/M 8086 programs are simple 
statements of the program algorithm). This substan- 
tially reduces the risk of costly correction of errors in 
systems that have already reached full production 
status, as the more simply stated the program is, the 
more likely it is to perform its intended function. 


PL/M 86/186 SOFTWARE PACKAGE. 


Easier Enhancements and 
Maintenance 


Programs written in PL/M tend to be self-document- 
ing, thus easier to read and understand. This means 
it is easier to enhance and maintain PL/M programs 
as the system capabilities expand and future prod- 
ucts are developed. 


SPECIFICATIONS 


Documentation Package 
PL/M-8086 User’s Guide for 8086-based Develop- 
ment Systems 


SUPPORT: 


Hotline Telephone Support, Software Performance 
Reporting (SPR), Software Updates, Technical Re- 
ports, Monthly Newsletter available. 


ORDERING INFORMATION 


Order Code Operating Environment 

D86PLM86 IBM PC XT/AT running PCDOS 
Version 3.0 or later 

R86PLM86 Intel System 8086/3XX running 
iRMX™ 86 

WSPLM86 VAX/VMS 

MVVSPLM86 MICROVAX/VMS 
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iC-86/ 186 
C COMPILER FOR THE 8086 AND THE 80186 


= Implements Full C Language as Defined = Supports Small, Medium, Compact, and 


by the Draft ANSI Standard Large Models of Computation 

m Produces High Density Code Rivaling @ Supports IEEE Floating Point Math with 
Assembler 8087 Coprocessor 

= Supports Both Standard Intel (PL/M- = Supports I/O and Hardware Interrupts 
like) and Standard C Calling Directly in C 
Conventions = Supports Full Standard 1/O Library 

m Allows Mixed Memory Mode/ (STDIO) 
Programming via Near and Far Pointers 5 written in C 

@ Available for DOS and VAX/VMS* = All Code and Libraries Are Fully 
Operating System ~ Compatible 


m Designed to Work with Intel Debuggers 
such as I2ICE and PSCOPE 


The C Programming Language was originally designed in 1972 and has become increasingly popular as a 
systems development language. C combines the flexibility and programming speed of a higher level language 
with the efficiency and control of assembly language. 


Intel iC-86 brings the full power of the C programming language to 8086, 8088, 80186, and 80188 based 
microprocessor systems. iC-86 has been developed specifically for embedded microprocessor-based applica- 
tions. 


Intel iC-86 supports the full C language as described in the Kernighan and Ritchie book, “The C Programming 
Language’, (Prentice-Hall, 1978). iC-86 implements the complete C language specification as defined in the 
ANSI X3J11 standard. 


iC-86 is an outstanding microprocessor system implementation language because it provides: 


1. the ability to manipulate the fundamental objects of the machine (including machine addresses) as easily as 
assembly language. 


2. the power and speed of a structured language supporting a large number of data types, storage classes, 
expressions and statements, 


3. processor independence (most programs developed for other processors can be easily transported to the 
8086), and 


4. code that rivals assembly language in efficiency 


INTEL iC-86 COMPILER (# define). The parser phase converts the C pro- 
DESCRIPTION gram into an intermediate free form and does all 

syntactic and semantic error checking. The code 
The iC-86 compiler operates in four phases: pre- | generator phase converts the parser’s output into an 
processor, parser, code generator, and optimizer.  &fficient intermediate binary code, performs con- 
The preprocessor phase interprets directives in C _ Stant folding, and features an extremely efficient reg- 
source code, including conditional compilations ‘ster allocator, ensuring high quality code. The opti- 


mizer phase converts the output of the code gener- 
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ator into relocatable Intel Object Module Format 
(OMF) code, without creating an intermediate as- 
sembly file. Optionally, the iC-86 compiler can pro- 
duce a symbolic pseudo-assembly file. The iC-86 
optimizer eliminates common code, eliminates re- 
dundant loads and stores, and resolves span depen- 
dencies (shortens branches) within a program. 


The iC-86 runtime library consists of a number of 
functions which the C programmer can call. The run- 
time system includes the standard |/O library 
(STDIO), conversion routines, routines for manipu- 
lating strings, special routines to perform functions 
not available on the 8086 (32-bit arithmetic and em- 
ulated floating point), and (where appropriate) rou- 
tines for interfacing with the operating system. 


iC-86 uses Intel’s linker and locator and generates 
debug records for symbols and lines on request, per- 
mitting access to Intel’s PSCOPE AND I2iICE™ to 
aid in program testing. Intel’s DOS LINK86 can also 
be used to create DOS executable .EXE files for pro- 


totyping. 
FEATURES 


Memory Model Support 


iC-86 supports the SMALL, MEDIUM, COMPACT, 
and LARGE segmentation models. A SMALL Model 
Program can have up to 64K bytes of code space 
and 64K bytes of total data, memory, and stack 
space for all combined modules. SMALL model will 
generate the most efficient code and is the compiler 
default. A MEDIUM Model Program can have a sep- 
erate 64K segment for each module of code, while 
total data, memory, and stack must be less than 
64K. In the COMPACT model code, data, stack, and 
memory can each reside in a separate 64K seg- 
ment. The LARGE model is intended for programs 
needing up to 64K of code space and 64K of data 
space for each module. LARGE model also provides 
_ up to 64K of stack space and up to 64K of space for 
memory. Mixed model programming is supported 
with “near” and “far” calls. 
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Preprocessor Directives 


# define—defines a macro 


#include—includes code outside of the program 
source file 
#if—conditionally includes or excludes code 


Other preprocessor directives include #undef, 
#ifdef, #ifndef, #else, #endif, and #line. 


Statements 


The C language supports a variety of statements: 
Conditionals: IF, IF-ELSE 
Loops: WHILE, DO-WHILE, FOR 
Selection of cases: SWITCH, CASE, DEFAULT 
Exit from a function: RETURN 
Loop control: CONTINUE, BREAK 
Branching: GOTO 


Expressions and Operators 


The C language includes a rich set of expressions 
and operators. 


Primary expression: invoke functions, select ele- 
ments from arrays, and extract fields from structures 
or unions 


Arithmetic operators: add, subtract, multiply, divide, 
modulus 


Relational operators: greater than, greater than or 
equal, less than, less than or equal, not equal 


Unary operators: indirect through a pointer, compute 
an address, logical negation, ones complement, pro- 
vide the size in bytes of an operand. 


Logical operators: AND, OR 


Bitwise operators: AND, exclusive OR, inclusive OR, 
bitwise complement 


Calling Conventions 


iC-86 provides two distinct calling conventions for 
handling the way parameters are passed on the 
stack. The variable parameter list (VPL) is the de- 
fault, and is consistent with most other C compilers. 
VPL pushes the last (rightmost) parameter first, and 
the first parameter is pushed last. The fixed parame- 
ter list (FPL) is the calling convention for most other 
Intel compilers, including PL/M. FPL pushes the first 
parameter first, and the last parameter last. By using 
the keyword “alien”, the user can make direct PL/M 
Calls. 
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Data Types and Storage Classes 


Data in C is described by its type and storage class. 
The type determines its representation and use, and 
the storage class determines its lifetime, scope, and 
storage allocation. The following data types are fully 
supported by iC-86. 


char 
an 8-bit signed integer 


int 
a 16-bit signed integer 


short 
same as int (on the 8086) 


long 
a 32-bit signed integer 


unsigned 


a modifier for integer data types (char, int, short, 
and long) which doubles the positive range of 
values 


_ float 


a 32-bit floating point number which utilizes the 
8087 or a software floating point library 


double 
a 64-bit floating point number 


bit-field | 
maximum size is that of an int 


void 


a special type that cannot be used as an opera- 
tor; normally used for functions called only for 
effect (to prevent their use in contexts where a 
value is required). 


enum 
an enumerated data type 


These fundamental data types may be used to 
create other data types including: arrays, func- 
tions, structures, pointers, and unions. 


The storage classes available in iC-86 include: 


register 

suggests that a variable be kept in a machine 
register, often enhancing code density and 
speed 
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extern 


a variable defined outside of the function where 
it is declared; retaining its value throughout the 
entire program and accessible to other modules 


auto 


a local variable, created when a block of code is 
entered and discarded when the block is exited 


static 


a local variable that retains its value until the 
termination of the entire program 


typedef 
defines a new data type name from existing data 
types 


BENEFITS 


Faster Compilation 


Intel iC-86 compiles C programs substantially faster 
than standard C compilers because it produces Intel 
OMF code directly, eliminating the traditional inter- 
mediate process of generating an assembly file. 


Portability of Code 


Because Intel iC-86 supports the STDIO and pro- 
duces Intel OMF code, programs developed on a 
variety of machines can easily be transported to the 
8086. , 


Rapid Program Development 


Intel iC-86 provides the programmer with detailed er- 
ror messages and access to PSCOPE-86 and I2ICE 
to speed program development. A complete listing 
file can also be produced. 


Full Manipulation of the 
8086 and 80186 


Intel iC-86 enables the programmer to utilize fea- 
tures of the C language to control bit fields, pointers, 
addresses and register allocation, taking full advan- 
tage of the fundamental concepts of the 8086. A 
MOD186 control is also available to provide full sup- 
port for the additional instructions in the 80186. 
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SPECIFICATIONS 


Operating Environment 


The iC-86 compiler runs host resident on DOS 3.0 or 
greater. iC-86 can also run as a cross compiler on a 
VAX 11/780 computer under the VMS operating 
system. 640K bytes of User Memory is required on 
all versions. The PC DOS Operating Environment is 
also supported. Specify desired version when order- 


ing. 


Required Hardware 


VAX version: 


— Digital Equipment Corporation VAX 11/780 or 
compatible computer running VMS 4.5 or greater 


PC DOS version: 
— PC XT or AT using PC DOS 3.0 or later 
— Hard disk recommended 


Required Software 


MicroVAX or VAX version: 
— VMS Operating System 4.5 or greater 


PC DOS version: 
— PC DOS Release 3.0 or later Operating System 


Documentation Package 
iC-86 User Manual 


C: A Reference Manual by Harbison and Steele 
(1987 Prentice-Hall) 
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Shipping Media 


VAX version: 
— 1600 bpi, 9 track Magnetic tape 


DOS version: 
— 51%” DOS format diskette 
— 3.5” DOS format diskette 


ORDERING INFORMATION 


Order Code Description 


MVVSC86 ___ iC-86 Cross Compiler for 
MicroVAX/VMS 

VVSC86 iC-86 Cross Compiler for VAX/VMS 

D86C86 iC-86 Compiler for PC DOS 


Intel Software License required for VAX and 
MicroVAX versions 


SUPPORT 


Intel offers several levels of support for this product 
which are explained in detail in the price list. Please 
consult the price list for a description of the support 
options available. 


*MDS is an ordering code only and is not used as a product 
name or trademark. MDS is a registered trademark of Mo- 
hawk Data Sciences Corporation. 


VAX, VMS are registered trademarks of Digital Equipment 
Corporation. 
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VAX*/VMS* RESIDENT 
 8086/88/186 
SOFTWARE DEVELOPMENT PACKAGES | 


m@ Executes on DEC VAX*/MicroVAX . m Packages include C-86; FORTRAN-86; 
Minicomputer under VMS* Operating Pascal-86; PL/M-86; ASM-86; Link and 
System to translate PL/M-86, Pascal-86 Relocation Utilities; OH-86 Absolute | 
and ASM-86 Programs for 8086, 88 Object Module to Hexadecimal Format 
and 186 Microprocessors. Converter; and Library Manager 

Program. 


= Output linkable with Code Generated 
on Intellec® Development Systems. 


The VAX/VMS Resident Software Development Packages contain software development tools for the 8086, 
88, and 186 microprocessors. The package lets the user develop, compile, maintain libraries, and link and 
locate programs on a VAX running the VMS operating system. The translator output is object module compati- 
ble with programs translated by the corresponding version of the translator on an Intellec Development 
System. 7 


Four packages are available: 


1. An ASM-86 Assembler Package which includes the Assembler, the Link Utility, the Locate Utility, the 
absolute object to hexadecimal format conversion utility and the Library Manager Program. 


2. A PL/M-86 Compiler Package which contains the PL/M-86 Compiler and Runtime Support Libraries. 

3. A Pascal-86 Compiler Package which contains the Pascal-86 Compiler and Runtime Support Libraries. 
4. A C-86 Compiler Package which contains the C-86 Compiler and Run-Time Libraries. 

5. A FORTRAN-86 Compiler Package which contains the FORTRAN-86 Compiler and Run-Time Libraries. 


The VAX/VMS resident development packages and the Intellec Development System development packages 
are built from the same technology base. Therefore, the VAX/VMS resident development packages and the 
Intellec Development System development packages are very similar. 


Version numbers can be used to identify features correspondence. The VAX/VMS resident development 
packages will have the same features as the Intellec Development System product with the same version 
number. | 


The object modules produced by the translators contain symbol and type information for programming debug- 


ging using ICE™ translators and/or the PSCOPE debugger. For final production version, the compiler can 
remove this extra information and code. 


*VAX, DEC, and VMS are trademarks of Digital Equipment Corporation. 
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VAX*-PL/M-86/88/ 186 SOFTWARE PACKAGE 


m Executes on VAX*/MicroVAX a Code Optimization Assures Efficient 
Minicomputers under the VMS* Code Generation and Minimum 
Operating System Application Memory Utilization 

m@ Supports 16-Bit Signed Integer and @ Built-in Syntax Checker Doubles 
32-Bit Floating Point Arithmetic in Performance for Compiling Programs 
Accordance with IEEE Proposed Containing Errors 
Standard m Source Input/Object Output Compatible 

m Easy-To-Learn Block-Structured with PL/M-86 Hosted on an intellec® 
Language Encourages Program Development System 
Modularity = ICET™, PSCOPE Symbolic Debugging 

m Produces Relocatable Object Code Fully Supported 


Which is Linkable to All Other Intel 
8086 Object Modules, Generated on 
Either a VAX*, a PC XT/AT running 
PC-DOS Version 3.0 or Intellec® 
Development Systems 


Like its counterpart for MCS®-80/85 program development, and Intellec® hosted 8086 program development, 
VAX-PL/M-86 is an advanced, structured high-level programming language. The VAX-PL/M-86 compiler was 
created specifically for performing software development for the Intel 8086, 88 and 186 Microprocessors. 


PL/M is a powerful, structured, high-level system implementation language in which program statements can 
naturally express the program algorithm. This frees the programmer to concentrate on the logic of the program 
without concern for burdensome details of machine or assembly language programming (such as register 
allocation, meanings of assembler mnemonics, etc.). 


The VAX-PL/M-86 compiler efficiently converts free-form PL/M language statements into equivalent 
8086/88/186 machine instructions. Substantially fewer PL/M statements are necessary for a given applica- 
tion than if it were programmed at the assembly language or machine code level. 

The use of PL/M high- -level language for system programming, instead of assembly language, results in a high 


degree of engineering productivity during project development. This translates into significant reductions in 
initial software development and follow-on maintenance costs for the user. 


*VAX, DEC, and VMS are trademarks of Digital Equipment Corporation. 
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intel VAX*/VMS* RESIDENT 


VAX*-PASCAL-86/88 SOFTWARE PACKAGE 


m Executes VAX*/MicroVAX @ Strict Implementation of ISO Standard 
Minicomputers under the VMS* Pascal 
Operating System m Useful Extensions Essential for 

m Produces Relocatable Object Code Microcomputer Applications 


Which is Linkable to All Other Intel 
8086 Object Modules, Generated on 
Either a VAX*, a PC XT/AT running PC- 


m Separate Compilation with Type- 
Checking Enforced between Pascal 


DOS Version 3.0 or Intellec® Modules 
Development Systems = Compiler Option to Support Full Run- 

= ICE™, PSCOPE Symbolic Debugging hy Range vnecking : 
Fully Supported m Source Input/Object Output Compatible 


with Pascal-86 Hosted on a Intellec® 


= Implements REALMATH for Consistent Development System 


and Reliable Results 


m@ Supports 8086/20, 88/20 Numeric Data 
Processors 


VAX-PASCAL-86 conforms to and implements the ISO Pascal standard. The language is enhanced to support 
microcomputer applications with special features, such as separate compilation, interrupt handling and direct 
port I/O. Other extensions include additional data types not required by the standard and miscellaneous 
enhancements such as an allowed underscore in names, an OTHERWISE clause in CASE construction and 
so forth. To assist the development of portable software, the compiler can be directed to flag all non-standard 
features. . | 


The VAX-PASCAL-86 compiler runs on the Digital Equipment Corporation VAX under the VMS Operating 
System. A well-defined |/O interface is provided for run-time support. This allows a user-written operating 
system to support application programs on the target system as an alternate to the development system 
environment. Program modules compiled under PASCAL-86 are compatible and linkable with modules written 
in PL/M-86, and ASM-86. With a complete family of compatible programming languages for the 8086, 88, and 
186 one can implement each module in the language most appropriate to the task at hand. 


*VAX, DEC, and VMS are trademarks of Digital Equipment Corporation. 
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Intel VAX*/VMS* RESIDENT 


VAX* 8086/88/186 MACRO ASSEMBLER 


m Executes on VAX*/MicroVAX m “Strongly Typed” Assembler Helps 
Minicomputers under The VMS* Detect Errors at Assembly Time 
Operating System | g High-Level Data Structuring Facilities 

m Produces Relocatable Object Code Such as “STRUCTURES” and 
Which is Linkable to All Other Intel “RECORDS” 


8086/88/186 Object Modules, 
Generated on Either a VAX*, a PC 
XT/AT running PC-DOS Version 3.0 or 


m@ Over 120 Detailed and Fully 
Documented Error Messages 


Intellec® Development Systems m@ Produces Relocatable and Linkable 
Object Code 
m@ Powerful and Flexible Text Macro 
Facility with Three Macro Listing m= Source Input/Object Output Compatible 
Options to Aid Debugging with ASM-86 hosted on an Intellec®. 


m Highly Mnemonic and Compact Development System 


Language, Most Mnemonics Represent 
Several Distinct Machine Instructions 


VAX-ASM-86 is the “high-level” macro assembler for the 8086/88/186 assembly language. VAX-ASM-86 
translates symbolic 8086/88/186 assembly language mnemonics into 8086/88/186 relocatable object code. 


VAX-ASM-86 should be used where maximum code efficiency and hardware control is needed. The 
8086/88/186 assembly language includes approximately 100 instruction mnemonics. From these few mne- 
monics the assembler can generate over 3,800 distinct machine instructions. Therefore, the software develop- 
ment task is simplified, as the programmer need know only 100 mnemonics to generate all possible 8086/88/ 
186 machine instructions. VAX-ASM-86 will generate the shortest machine instruction possible given no for- 
ward referencing or given explicit information as to the characteristics of forward referenced symbols. 


VAX-ASM-86 offers many features normally found only in high-level languages. The 8086/88/186 assembly 
language is strongly typed. The assembler performs extensive checks on the usage of variable and labels. The 
assembler uses the attributes which are derived explicity when a variable or label is first defined, then makes 
sure that each use of the symbol in later instructions conforms to the usage defined for that symbol. This 
means that many programming errors will be deteced when the program is assembled, long before it is being 
debugged on hardware. 


*VAX, DEC, and VMS are trademarks of Digital Equipment Corporation. 
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intel VAX*/VMS* RESIDENT 


VAX*-LIB-86 
m Executes on VAX*/MicroVAX m Libraries Can be Used as Input to 
Minicomputers under the VMS* VAX-LINK-86 Which Will Automatically 
Operating System Link Modules from the Library that 
Satisfy External References in the 
m VAX-LIB-86 is a Library Manager 
Program which Allows You to: Modules Being Linked 
Create Specifically Formatted Files to m@ Abbreviated Control Syntax 


Contain Libraries of Object Modules 
Maintain These Libraries by Adding or 
Deleting Modules 

Print a Listing of the Modules and 
Public Symbols in a Library File 


Libraries aid in the job of building programs. The library manager program VAX-LIB-86 creates and maintains 
files containing object modules. The operation of VAX-LIB-86 is controlled by commands to indicate which 
operation VAX-LIB-86 is to perform. The commands are: 


CREATE: creates an empty library file 


ADD: adds object modules to a library file 

DELETE: deletes modules from a library file 

LIST: lists the module directory of library files 

EXIT: terminates the LIB-86 program and returns control to VMS 


When using object libraries, the linker will call only those object modules that are required to satisfy external 
references, thus saving memory space. 


VAX-OH-86 
m Executes on VAX*/MicroVAX mu Facilitates Preparing a file for Loading 
Minicomputers under the VMS* by Symbolic Hexadecimal Loader (e.g. 
Operating System iSBC® Monitor SDK-86 Loader), or 
m Converts an 8086/88/186 Absolute Universal PROM Mapper 
Object Module to Symbolic m@ Converts an Absolute Module to a More 
Hexademical Format Readable Format that can be Displayed 


on a CRT or Printed for Debugging 


The VAX-OH-86 utility converts an 86/88 absolute object module to the hexadecimal format. This conversion 
may be necessary for later loading by a hexadecimal loader such as the iSBC 86/12 monitor or the Universal 
PROM Mapper. The conversion may also aie made to put the module in a more readable format that can be 
displayed or printed. 


The module to be converted must be in absolute form; the output from VAX-LOC-86 is in absolute format. 


*VAX, VMS are trademarks of Digital Equipment Corporation. 
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VAX*-LINK-86 
m Executes on VAX*/MicroVAX = Automatic Generation of a Summary 
Minicomputers under the VMS* Map Giving Results of the LINK-86 - 
Operating System Process | 
mu Automatic Combination of Separately m Abbreviated Control Syntax 
Compiled or Assembled 86/88/186 m Relocatable modules may be Merged 


Programs into a Relocatable Module, 
Generated on Either a VAX, a PC 
XT/AT running PC-DOS Version 3.0 or 


into a Single Module Suitable for 
Inclusion in a Library 


an Intellec® Development System m@ Supports “Incremental” Linking 
m Automatic Selection of Required m= Supports Type Checking of Public and 
Modules from Specified Libraries to _ External Symbols 


Satisfy Symbolic References 


m@ Extensive Debug Symbol Manipulation, 
allowing Line Numbers, Local Symbols, 
and Public Symbols to be Purged and 
Listed Selectively 


VAX-LINK-86 combines object modules specified in the VAX-LINK-86 input list into a single output module. 
VAX-LINK-86 combines segments from the input modules according to the order in which the modules are 
listed. 


VAX-LINK-86 will accept libraries and object modules built from VAX-PL/M-86, VAX-PASCAL-86, VAX-ASM- 
86, or any other Intel translator generating 8086 Relocatable Object Modules, such as the Series Ill resident 
translators. 


Support for incremental linking is provided since an output module produced by VAX-LINK-86 can be an input 
to another link. At each stage in the incremental linking process, unneeded public symbols may be purged. 


VAX-LINK-86 supports type Speake of PUBLIC and EXTERNAL symbols reporting a warning if their types are 
not consistent. 


VAX-LINK-86 will link any valid set of tes modules without any corel However, controls are available to 
control the output of diagnostic information in the VAX-LINK-86 process and to control the content of the 
output module. 

VAX-LINK-86 allows the user to create a large program as the combination of several smaller, separately 


compiled modules. After development and debugging of these component modules the user can link them 
together, locate them using VAX-LOC-86 and enter final testing with much of the work accomplished. 


*VAX, DEC, and VMS are trademarks of Digital Equipment Corporation. 
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VAX*-LOC-86 
mw Executes on the VAX*/MicroVAX m Abbreviated Control Syntax 


Minicomputers under the VMS* 


Operating System m Automatic and Independent Relocation 


of Independent Relocation of 


m@ Automatic Generation of a Summary Segments. Segments May be Relocated 
Map Giving Starting Address, Segment to Best Match Users Memory 
Addresses and Length, and Debug Configuration 
Symbols and their Addresses m Extensive Debug Symbol Manipulation, 

m@ Extensive Capability to Manipulate the Allowing Line Numbers, Local Symbols, 

_ Order and Placement of Segments in and Public Symbols to be Purged and 
8086/8088 Memory Listed Selectively 


Relocatability allows the programmer to code programs or sections of programs without having to know the 
final arrangement of the object code in memory. 


VAX-LOC-86 converts relative addresses in an input module in iAPX-86/88/186 object module format to 
absolute addresses. VAX-LOC-86 orders the segments in the input module and assigns absolute addresses to 
the segments. The sequence in which the segments in the input module are assigned absolute addresses is 
determined by their order in the input module and the controls supplied with the command. 


VAX-LOC-86 will relocate any valid input module without any controls. However, controls are available to 
control the output of diagnostic information in the VAX-LOC-86 process, to control the content of the output 
module, or both. 


The program you are developing will almost certainly use some mix of random access memory (RAM), read- 
only memory (ROM), and/or programmable read-only memory (PROM). Therefore, the location of your pro- 
gram affects both cost and performance in your application. The relocation feature allows you to develop your 
program and then simply relocate the object code to suit your application. 


*VAX, DEC, and VMS are trademarks of Digital Equipment Corporation. 
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SPECIFICATIONS 
Operating Environment 


Required Hardware 


VAX* 11/780, 11/782, 11/750, or 11/730 9 Track 
Magnetic Tape Drive, 1600 BPI 


MicroVAX II with TK-50 tape drive. 


Required Software 


VMS Operating System V3.0 or Later. All of the de- 

velopment packages are delivered as unlinked VAX 

Object code which can be linked to VMS as de- 

signed for the system where the development pack- 

age is to be used. VMS command files to perform 
the link are provided. 


MicroVMS (V4.4 or later). 


Documentation Package 


iAPX-86, 88 Development Software Installation Man- 
ual and User’s Guide for VAX/VMS, Order. number 
121950-001 
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VAX*/VMS* RESIDENT © 


Shipping Media 
9 Track Magnetic Tape 1600 bpi (VAX) 


TK-50 Cartridge Tape (MicroVAX) 


ORDERING INFORMATION 


Part Number Description 


VVSASM86 VAX-ASM-86, VAX-LINK-86, 
VAX-LOC-86, VAX-LIB-86, 
VAX-OH-86, Package 
VVSPLM86 VAX-PLM-86 Package 
iIMDX-344VX VAX-PASCAL-86 Package 
VVSC86 VAX-C-86 Package 
MVVSASM86 MICROVAX ASM86 Package 
MVVSPLM86 MICROVAX PLM86 Package 
MVVSC86 MICROVAX C86 Package 


MVVSFORT86 MICROVAX FORTRAN 86 Package 
REQUIRES SOFTWARE LICENSE 
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8087 SUPPORT LIBRARY 


m= Common Elementary Function Library 
Provides Trigonometric, Logarithmic 
and Other Useful Functions 


@ Error-Handier Module Simplifies 
Floating Point Error Recovery 


@ Library to Support Floating Point 
Arithmetic in Pascal-86, — 
PL/M-86, FTN-86 and ASM-86 


m@ Decimal Conversion Library Supports 
Binary-Decimal Conversions 


= Supports Proposed IEEE Floating Point 
Standard for High Accuracy and 
Software Portability 


The 8087 Support Library provides Pascal-86, FORTRAN-86, PL/M-86 and ASM-86 users with numeric data 
processing capability. With the Library, it is easy for programs to do floating point arithmetic. Programs can 
bind in library modules to do trigonometric, logarithmic and other numeric functions, and the user is guaranteed 
accurate, reliable results for all appropriate inputs. Figure 1 below illustrates how the 8087 Support Library can 
be bound with PL/M-86 and ASM-86 user code to do this. The 8087 Support Library supports the proposed 
IEEE Floating Point Standard. Consequently, by using this Library, the user not only saves software develop- 
ment time, but is guaranteed that the numeric software meets industry standards and is portable—the software 
investment is maintained. 


The 8087 Support Library consists of the common elementary function library (CEL87.LIB), the decimal con- 
version library (DC87.LIB), the emulator interface library E8087.LIB, the error handler module (EH87.LIB) and 
interface libraries (8087.LIB, NUL87.LIB). 


A.PLM 


maerTNH: PROCEDURE (THETA) REAL EXTERNAL; 
CLARE THETA REAL; 
END maerTNH: 


DECLARE (INPUT VALUE, OUTPUT VALUE) REAL; 
INPUT VALUE=0.62;/*Test vaiue*/ 
OUTPUT VALUE=mqaerTNH(INPUT VALUE); 


Moe with the test input, OUTPUT VALUE Is about 
.55112803°%/ 


C.ASM 
;This EXTRN must oppeor outside of oll SEGMENT-ENDS 
é maer TNH: FAR 
INPUT VALUE 00Q(-0.62) oly, ee Is o test 
OUTPUT VALUE DQ ? 
iThe following code duplicotes the above ty 
peor Maia statement, except with LONG REAL 


FLD INPUT VALUE jLood the porometer Into the 8087 


CALL mqerTNH stoke the hyperbolic tangent 
FSTP OUNPUT VALUE F the onswer and pop the 
38087 stock 


With the test Input, OUTPUT VALUE Is now about 
77 0.55112805 


COMPILED 
SOURCE MODULES 


D.OBJ 
ASM~86 C.OBJ 
ASSEMBLED 
SOURCE MODULES 


8087.LIB 


B.OBJ 
PL/M=86 A.OBJ 


LINK=86 


USER.LNK 


LINKED USER 
OBJECT MODULE 


i] 


CEL87.LIB 


8087 SUPPORT 


LIBRARY 
231613-1 
Figure 1. Use of 8087 Support Library with PL/M-86 and ASM-86 
August 1985 
22-391 Order Number: 231613-001 


8087 SUPPORT LIBRARY 


CEL87.LIB 
THE COMMON ELEMENTARY FUNCTION LIBRARY 


FUNCTIONS 


CEL87.LIB contains commonly used floating point 
functions. It is used along with the 8087 numeric co- 
processor. It provides a complete package of ele- 
mentary functions, giving valid results for all appro- 
priate inputs. Following is a summary of CEL87 func- 
tions, grouped by functionality. 


Rounding and Truncation Functions: 

mqaerlEX, mqaerlE2, and mgerlE4. Round a real 
number to the nearest integer; to the 
even integer if there is a tie. The an- 
swer returned is real, a 16-bit integer 
or a 32-bit integer respectively. 


mqgerlA2, mgerlA4. Round a real num- 
ber to the nearest integer, to the inte- 
ger away from zero if there is a tie; the 
answer returned is real, a 16-bit inte- 
ger or a 32-bit integer, respectively. 


mqaerlC2, mgeriC4. Truncate the frac- 
tional part of a real input; the answer 
is real, a 16-bit integer or 32-bit inte- 
ger, repectively. 


maerlAX, 


mqaeriCx, 


Logarithmic and Exponential 


Functions: 

mgqerLGD computes decimal (base 10) loga- 
rithms. 

mqerLGE computes natural base (base e) loga- 
rithms. 

maqerEXP computes exponentials to the base e. 

maqerY2X computes exponentials to any base. 

mqaerY 12 raises an input real to a 16-bit integer 
power. 

mqaeryY 14 is as mgerY 12, except to a 32-bit inte- 
ger power. 

mqaerYIS is as mgerY12, but it accommodates 


PL/M-286 users. 


Trigonometric and Hyperbolic 
Functions: 


maerSIN, mqerCOS, mgerTAN compute sine, 
' cosine, and tangent. 
mqerASN, mqerACS, mqerATN compute the 


corresponding inverse functions. 


mgerSNH,  mgerCSH, mgerTNH compute the 
corresponding hyperbolic functions. 
maqerAT2 is a special version of the arc tangent 


function that accepts rectangular co- 
ordinate inputs. 


Other Functions (of real variables): 


mgerDIM is FORTRAN’s positive difference 
function. 

maqerMAX returns the maximum of two real in- 
puts. 

maqerMIN returns the minimum of two real in- 
puts. 

mqerSGH combines the sign of one input with 
the magnitude of the other input. 

mqerMOD computes a modulus, er ri the 
sign of the dividend. 

mgerRMD computes a modulus, giving the value 


closest to zero. 


Complex Number Functions: 

mgqercCMUL, and mgercCDIV perform complex 
multiplication and division of complex 
numbers. 


mgercCPOL converts complex numbers from rec- 
tangular to polar form. mgercCREC 
converts complex numbers from polar 
to rectangular form. 


mgqercCSQR, and mgqercCABS compute the com- 
plex square root and real absolute 
value (magnitude) of a complex num- 
ber. 


mqercCEXP, and mgqercCLGE compute the com- 


plex value of e raised to a complex 
power and the complex natural loga- 
rithm (base e) of a complex number. 


maqercCCOS, and mgercCTAN com- 
pute the complex sine, cosine, and 
tangent of a complex number. 


mqercCASN, mgercCACS, and mgercCATN com- 
pute the complex inverse sine, co- 
sine, and tangent of a complex num- 
ber. 


mgqercCSNH, mgercCCSH, and mgercCTNH com- 
pute the complex hyperbolic sine, co- 
sine, and tangent of a complex num- 
ber. 


mqaercCSIN, 
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mqercCACH, mqercCASH, and mqercCATH com- 
pute the comples inverse hyperbolic 
sine, cosine, and tangent of a com- 
plex number. 
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8087 SUPPORT LIBRARY 


mgercCC2C, mgercCR2C,mqercCC2R,mgercCCl2, 
mgercCCl4, and mgercCCiS return 
complex values of complex (or real) 
values raised to complex (real, short 
integer, or long integer) values. 


DC87.LIB 
THE DECIMAL CONVERSION LIBRARY 


DC87.LIB is a library of procedures which convert 
binary representations of floating point numbers and 
ASCll-encoded string of digits. 


The  binary-to-decimal procedure maqcBiIN__DE- 
CLOW accepts a binary number in any of the for- 
mats used for the representation of floating point 
numbers in the 8087. Because there are so many 
output formats for floating point numbers, mqcBIN__ 
DECLOW does not attempt to provide a finished, 
formatted text string. Instead, it provides the ‘‘build- 
ing blocks” for you to use to construct the output 
string which meets your exact format specification. 


The decimal-to-binary procedure mqcDEC__BIN ac- 
cepts a text string which consists of a decimal num- 
ber with optional sign, decimal point, and/or power- 
of-ten exponent. It translates the string into the call- 
er’s choice of binary formats. 


Decimal-to-binary procedure mqcDECLOW__BIN is 
provided for callers who have already broken the 
decimal number into its constituent parts. 


The procedures mqcLONG__TEMP, mqcSHORT__ 
TEMP, mqcTEMP__LONG, and mqcTEMP__SHORT 
convert floating point numbers between the longest 
binary format, TEMP__REAL, and the shorter for- 
mats. | , 


EH87.LIB 
THE ERROR HANDLER LIBRARY 


EH87.LIB is a library of five utility procedures for 
writing trap handlers. Trap handlers are called when 
an unmasked 8087 error occurs. 


The 8087 error reporting mechanism can be used 
not only to report error conditions, but also to let 
software implement IEEE standard options not di- 
rectly supported by the chip. The three such exten- 
sions to the 8087 are: normalizing mode, non-trap- 
ping not-a-number (NaN), and non-ordered compari- 
son. The utility procedures support these extra fea- 
tures. 


DECODE is called near the beginning of the trap 
handler. It preserves the complete state of the 8087, 
and also identifies what function called the trap han- 
dier, and returns available arguments and/or results. 
DECODE eliminates much of the effort needed to 
determine what error caused the trap handler to be 
called. 


NORMAL provides the “normalizing mode’ capabili- 
ty for handling the “D” exception. By calling NOR- 


MAL in your trap handler, you eliminate the need to 
write code in your application program which tests 
for non-normal inputs. 


SIEVE provides two capabilities for handling the “I” 
exception. It implements non-trapping NaN’s and 
non-ordered comparisons. These two IEEE standard 
features are useful for diagnostic work. 


ENCODE is called near the end of the trap handler. 
It restores the state of the 8087 saved by DECODE, 
and performs a choice of concluding actions, by ei- 
ther retrying the offending function or returning a 
specified result. 


FILTER calls each of the above four procedures. If 
your error handler does nothing more than detect 
fatal errors and implement the features supported by 
SIEVE and NORMAL, then your interface to 
EH87.LIB can be accomplished with a single call to 
FILTER. 
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8087 SUPPORT LIBRARY 


8087.LIB, NUL87.LIB, E8087.LIB 
INTERFACE LIBRARIES 


E8087.LIB, 8087.LIB and NUL87.LIB libraries config- 
ure a user’s application program for his run-time 


FULL 8087 EMULATOR 


The Full 8087 Emulator is a 16-kilobyte object mod- 
ule that is linked to the application program for float- 
ing-point operations. Its functionality is identical to 
the 8087 chip, and is ideal for prototyping and de- 
bugging floating-point applications. The Emulator is 
an alternative to the use of the 8087 chip, although 
the latter executes floating-point applications up to 
100 times faster than an 8086 with the 8087 Emula- 
tor. Furthermore, since the 8087 is a “coprocessor,” 
use of the chip will allow many operations to be per- 
formed in parallel with the 8086. 


ORDERING INFORMATION 


Part Number 
iMDS 319 


Description 
8087 Support Library 


Requires Software License 


SUPPORT 


Intel offers several levels of support for this product 
which are explained in detail in the price list. Please 


environment; running with the 8087 component or 
without floating point arithmetic, respectively. 


SPECIFICATIONS 


Operating Environment 


Intel Microcomputer Development Systems (Series 
lll, Series IV) 


Documentation Package 
8087 Support Library Reference Manual 


consult the price list for a description of the support 
options available. 
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80287 SUPPORT LIBRARY 


= Common elementary function library 
provides trigonometric, logarithmic and 
other useful functions | 


@ Error-handier module simplifies floating 
point error recovery 


Library to support floating point 
arithmetic in Pascal-286, PL/M-286 and 
ASM-286 


Decimal conversion library supports 
binary-decimal conversions 


Supports proposed IEEE Floating Point 
Standard for high accuracy and 
software portability 


The 80287 Support Library provides Pascal-286, PL/M-286 and ASM-286 users with numeric data processing 
capability. With the Library, it is easy for programs to do floating point arithmetic. Programs can bind in library 
modules to do trigonometric, logarithmic and other numeric functions, and the user is guaranteed accurate, 
reliable results for all appropriate inputs. Figure 1 below illustrates how the 80287 Support Library can be 
bound with PL/M-286 and ASM-286 user code to do this. The 80287 Support Library supports the proposed 
IEEE Floating Point Standard. Consequently, by using this Library, the user not only saves software develop- 
ment time, but is guaranteed that the numeric software meets industry standards and is portable—the software 
investment is maintained. 


The 80287 Support Library consists of the common elementary function library (CEL287.LIB), the decimal 
conversion library (DC287.LIB), the error handler module (EH287.LIB) and interface libraries (80287.LIB, 
NUL287.LIB). 


. 


A.PLM 


maerTNH: PROCEDURE (THETA) REAL EXTERNAL; 
DECLARE THETA REAL; 

END maerTNH: 

DECLARE (INPUT VALUE, OUTPUT VALUE) REAL; 


INPUT VALUE=0.62;/*Test volue*/ 
OUTPUT VALUE=mqerTNH(INPUT VALUE); 


/*Now with the test Input, OUTPUT VALUE Is about 
0.55112803*/ 


C.ASM 
This EXTRN must oppeor outside of olf SEGMENT=ENDS 
é TRN maer TNH: FAR 
INPUT VALUE DQ(-0.62) snbiheation is o test 
OUTPUT VALUE DQ ? 
The following code duplicotes the above PL 
— oo stoternent, except with LONG REAL 
FLD INPUT VALUE 


CALL erTNH take 
FSTP OUTPUT VALUE ;store 
38028 


jLoad the parameter Into the 80287 


the hyperbolic tangent 
the coower ond pep the 
7 stock 


{With the test input, OUTPUT VALUE is now about 
37 0.55112803 


B.OBJ 
PLM=286 A.OBJ 


COMPILED 
ASM=286 


SOURCE MODULES 


BIND=286 


USER.LNK 


LINKED USER 
OBJECT MODULE 


D.OBJ 


C.OBJ 


ASSEMBLED 
SOURCE MODULES 


80287.LIB 


E 


CEL287.LIB 


80287 SUPPORT 


LIBRARY 
231041-1 
Figure 1. Use of 80287 Support Library with PL/M-286 and ASM-286 
October 1986 
22-395 Order Number: 231041-002 
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CEL287.LIB 
THE COMMON ELEMENTARY FUNCTION LIBRARY 


FUNCTIONS 


CEL287.LIB contains commonly used floating point 
functions. It is used along with the 80287 numeric 
coprocessor. It provides a complete package of ele- 
_ mentary functions, giving valid results for all appro- 
priate inputs. Following is a summary of CEL287 
functions, grouped by functionality. 


Rounding and Truncation Functions: 

mqaerlEX, mgerlE2, and mqerlE4. Round a real 
number to the nearest integer; to the 
even integer if there is a tie. The an- 
swer returned is real, a 16-bit integer 
or a 32-bit integer respectively. 


mqgerlA2, mgerlA4. Round a real num- 
ber to the nearest integer, to the inte- 
ger away from zero if there is a tie; the 
answer returned is real, a 16-bit inte- 
ger or a 32-bit integer, respectively. 


mqgerlC2, mqerlC4. Truncate the frac- 
tional part of a real input; the answer 
is real, a 16-bit integer or 32-bit inte- 
ger, repectively. 


maerlAX, 


mqaeriCx, 


Logarithmic and Exponential 


Functions: 

mgerLGD computes decimal (base 10) loga- 
rithms. 

magerLGE computes natural base (base e) loga- 
rithms. 

maqerEXP computes exponentials to the base e. 

maerY 2X computes exponentials to any base. 

maerY 12 raises an input real to a 16-bit integer 
power. 

mqaerY 14 is as mgerY 12, except to a 32-bit inte- 
ger power. 

mqgerYIS is as mgerY12, but it accommodates 


PL/M-286 users. 


Trigonometric and Hyperbolic 
Functions: 


mqaerSIN, mgqerCOS, mgerTAN compute sine, 
cosine, and tangent. 
mqerASN, §=mqgqerACS, mqerATN compute the 


corresponding inverse functions. 


mgerSNH, maqerCSH, mgerTNH compute the 
corresponding hyperbolic functions. 
maqerAT2 is a special version of the arc tangent 


function that accepts rectangular co- 
ordinate inputs. 


Other Functions (of real variables): 


maqerDIM is FORTRAN’s positive difference 
function. 

maqerMAX returns the maximum of two real in- 
puts. 

maqerMIN returns the minimum of two real in- 

puts. 

maqerSGH combines the sign of one input with 
the magnitude of the other input. 

mqerMOD computes a modulus, retaining the 
sign of the dividend. 

mqerRMD ~~ computes a modulus, giving the value 


closest to zero. 


Complex Number Functions: 
mgqercCMUL, and mgaercCDIV perform complex 
| multiplication and division of complex 
numbers. . 


mgercCPOL converts complex numbers from rec- 
tangular to polar form. mqercCREC 
converts complex numbers from polar 
to rectangular form. 


mqercCSQR, and mgercCABS compute the com- 
plex square root and real absolute 
value (magnitude) of a complex num- 
ber. 


maqercCEXP, and mgercCLGE compute the com- 
plex value of e raised to a complex 
power and the complex natural loga- 
rithm (base e) of a complex number. 


mqercCCOS, and mgercCTAN com- 
pute the complex sine, cosine, and 
tangent of a complex number. 


mqercCASN, mgercCACS, and mgercCATN com- 
pute the complex inverse sine, co- 
sine, and tangent of a complex num- 
ber. 


mgqercCSNH, mgqercCCSH, and mgercCTNH com- 
pute the complex hyperbolic sine, co- 
sine, and tangent of a complex num- 
ber. 


mgercCSIN, 
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Complex Number Functions: (Continued) 

mqercCACH, mgercCASH, and mgercCATH com- 
pute the comples inverse hyperbolic 
sine, cosine, and tangent of a com- 
plex number. 


80287 SUPPORT LIBRARY 


mgercCC2C, mgercCR2C,mqercCC2R,mgercCCl2, 
mgercCCl4, and mgercCCiS return 
complex values of complex (or real) 
values raised to complex (real, short 
integer, or long integer) values. 


DC287.LIB 
THE DECIMAL CONVERSION LIBRARY 


DC287.LIB is a library of procedures which convert 
binary representations of floating point numbers and 
ASCll-encoded string of digits. 


The _ binary-to-decimal procedure maqcBIN__DE- 
CLOW accepts a binary number in any of the for- 
mats used for the representation of floating point 
numbers in the 80287. Because there are so many 
output formats for floating point numbers, mqcBIN__ 
DECLOW does not attempt to provide a finished, 
formatted text string. Instead, it provides the “build- 
ing blocks” for you to use to construct the output 
string which meets your exact format specification. 


The decimal-to-binary procedure mqcDEC__BIN ac- 
cepts a text string which consists of a decimal num- 
ber with optional sign, decimal point, and/or power- 
of-ten exponent. It translates the string into the call- 
er’s choice of binary formats. 


Decimal-to-binary procedure mqcDECLOW__BIN is 
provided for callers who have already broken the 
decimal number into its constituent parts. 


The procedures mqcLONG__TEMP, mqcSHORT__ 
TEMP, mqcTEMP__LONG, and mqcTEMP__SHORT 
convert floating point numbers between the longest 
binary format, TEMP__REAL, and the shorter for- 
mats. 


EH287.LIB 
THE ERROR HANDLER LIBRARY 


EH287.LIB is a library of five utility procedures for 
writing trap handlers. Trap handlers are called when 
an unmasked 80287 error occurs. 


The 80287 error reporting mechanism can be used 
not only to report error conditions, but also to let 
software implement IEEE standard options not di- 
rectly supported by the chip. The three such exten- 
sions to the 80287 are: normalizing mode, non-trap- 
ping not-a-number (NaN), and non-ordered compari- 
son. The utility procedures support these extra fea- 
tures. 


DECODE is called near the beginning of the trap 
handler. It preserves the complete state of the 
80287, and also identifies what function called the 
trap handler, and returns available arguments 
and/or results. DECODE eliminates much of the ef- 
fort needed to determine what error caused the trap 
handler to be called. 


NORMAL provides the ‘‘normalizing mode”’ capabili- 
ty for handling the “D” exception. By calling NOR- 


MAL in your trap handler, you eliminate the need to 
write code in your application program which tests 
for non-normal inputs. 


SIEVE provides two capabilities for handling the ‘‘l” 
exception. It implements non-trapping NaN’s and 
non-ordered comparisons. These two IEEE standard 
features are useful for diagnostic work. 


ENCODE is called near the end of the trap handler. 
It restores the state of the 80287 saved by DE- 
CODE, and performs a choice of concluding actions, 
by either retrying the offending function or returning 
a specified result. 


FILTER calls each of the above four procedures. If 
your error handler does nothing more than detect 
fatal errors and implement the features supported by 
SIEVE and NORMAL, then your interface to 
EH287.LIB can be accomplished with a single call to 
FILTER. 


22-397 


Sapte Fa a nc etc WI a <* 1S ee ae 
ean aS eae ne Pea ee pie egeeee en.) 
24g Sl eae es See 
= TS wo 5 es 


80287 SUPPORT LIBRARY 


80287.LIB, NUL287.LIB 
INTERFACE LIBRARIES 


80287.LIB and NUL287.LIB libraries configure a us- 
er’s application program for his run-time environ- 


SPECIFICATIONS 


Operating Environment 


Intel Microcomputer Development Systems (Series 
lll, Series IV) 


Documentation Package 
80287 Support Library Reference Manual 


Related Software 


A 80287 software emulator is available as part of the 
8086 software toolbox (iMDX364) 


IMDX329 


ment; running with the 80287 component or without 
floating point arithmetic, respectively. 


ORDERING INFORMATION 


Part Number Description 
80287 Support Library 


Requires Software License 


SUPPORT 


Intel offers several levels of support for this product 
which are explained in detail in the price list. Please 
consult the price list for a description of the support 
options available. 
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IPATT™’ PERFORMANCE ANALYSIS TOOL 


Provides Real-Time Performance 
Analysis and Real-Time Test Coverage 
of Code Written for 8086/8088, 
80186/80188, and 80286 Processors 


Displays Performance-Analysis 
Histograms to Isolate Slow Code 


Displays Test Coverage Tables to 
Isolate Untested Code; Permits Saving 
and Updating Test Results 


Measures Interrupt Latency | 


Does not Intrude Into Program Being 
Analyzed 


Collects 100% of Execution Data 


Complements Emulator by Allowing 
Simultaneous Debugging and 
Performance Analysis 


Permits Activation of Analysis using 
Emulator Procedures 


Handles Up to 24-Bit Execution 
Address Space 


Permits Specification of Analysis 
Address Ranges Symbolically or with 
Absolute Addresses 


Provides Flexible Isolation of Code 
Ranges, Windowed Events, and 
interrupt Activity 


The Intel Performance Analysis Tool (iPAT™) helps software engineers optimize code and improve software 
reliability. Software object code generated by Intel assemblers and Intel compilers (e.g., for C, PL/M, Pascal, 
Ada, and FORTRAN) can be analyzed symbolically to improve software execution efficiency and to validate 
test coverage. Any object code that lacks Intel compiler information—but that can be run by Intel emulators 
and for which an absolute program map is available—can also be analyzed (nonsymbolically) by the iPAT 
analyst. iPAT operation is currently supported via a target interface to the I2ICET™ Integrated Instrumentation 
and In-Circuit Emulation System. 


Mode: PROFILE ABS = TRUE 
PTIMEBASE: 10us HISTO = TIME 
Include calls SORT = ADDRESS 
Status: OK FILTER = FALSE 
Event >Time(ms)0Z% 5% 10% 152% 
ee ee He a a ta a na ta na tte rr tte eee: 
GET_LOADING_INFO 470 
FIND_3D_POSITION beO 
READ_SURFACE_SENSORS 580 
GET_AIRSPEED 0 
GET_THROTTLE_SETTING : 380 
GET_AILERON_POSITIONS: 120 
GET_RUDDER_POSITION bO 
GET_FLAP_POSTIONS arsed “y- | So 
CALCULATE_FEASIBILITY: . 300 
REFRESH _PILOT_DISPLAY: 740 
GET_PILOT_RESPONSE 1490 
SET_THROTTLE &0 
SET_AILERONS 310 
SET_RUDDER 0 
SET FLAPS 1460 
*Background* rat =) 
ee ee ee hee a tt a a tar te rr ee tee ee: 
Total 4188 0% 5Z 10% 15% 
280165-1 © 
October 1986 
22-399 Order Number: 280165-001 


PERFORMANCE ANALYSIS 
INTRODUCTION 


The size and complexity of software has increased 
with each new generation of microprocessors. As a 
result, it has become increasingly important to opti- 
mize software and to ensure its reliability. The iPAT 
analyst answers these needs. 


Optimizing Software 


Optimizing software means maximizing software 
speed without sacrificing functionality or reliability. 
To increase speed, execution bottlenecks need 
careful attention. But, how can the crucial slow code 
be located? 


Without the iPAT analyst, you might analyze the vari- 
ous paths in the source code and make educated 
guesses where the bottlenecks will occur. Or you 
might place count statements in the code to learn 
how often the various paths are entered. Neither of 
these methods can ensure that you really will isolate 
the bottlenecks. Furthermore, the second method is 
intrusive—with the extra statements, real-time oper- 
ation of your original code cannot occur. 


The iPAT analyst provides the solution to the soft- 
ware engineering problem of locating crucial code. 
With the iPAT analyst, you can quickly and easily 
show (with histograms or tables) timing and count 
information for specified program modules, proce- 
dures, lines, or absolute address ranges. Because it 
fully supports symbolic information from Intel high- 
level languages, the iPAT analyst enables you to use 
the names of procedures and modules to specify 
ranges that you want to analyze. (For object code 
that lacks symbolic information, consult your code’s 
absolute program map and then specify absolute ad- 
dress ranges of interest.) 


Furthermore, the iPAT analyst is nonintrusive and 
operates in real-time. It does not sample program 
operation on a statistical basis; rather, it has avail- 
able to it each address that is executed so that no 
potentially troublesome code will be overlooked. 
(The iPAT analyst can also monitor when interrupts 
occur.) 


Software teams currently doing their coding in as- 
sembly language (to ensure speed of program exe- 
cution) can now consider writing future code in high- 
level languages. Since much code does not have a 
significant effect on overall program speed, after the 
code is written in high-level language, the bottle- 
necks can be located by the iPAT analyst. Then, if 
need be, the code causing the bottlenecks can be 
redone in assembly language. This method of 
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software development means faster product devel- 
opment, since coding can progress much faster us- 
ing a high-level language. 


Measuring Hardware-interrupt-to- 
Software-Response Time (Latency) 


The iPAT analyst not only allows you to acquire tim- 
ing and count information on software events; it also 
allows you to examine hardware-interrupt-to-soft- 
ware interactions. For example, you can measure 
how long it is before the appropriate service routine 
is executed in response to a hardware interrupt. If 
the measured hardware-interrupt-to-software laten- 
cy period is not acceptable, the iPAT Ane Rs can 
help you isolate the causes. 


Coordinating Performance Analysis 
with Emulator Controls 


Using the emulator with the iPAT analyst also en- 
ables you to analyze program execution as a func- 
tion of differing target-system conditions. You can 
set up the conditions in the target system with the 
emulator, set up iPAT data collection for a section of 
code, then run the program with the iPAT analyst 
activated. Change the target conditions and repeat 
program execution and performance analysis. 


You can also create emulator procedures (PROCs) 
containing emulator commands that trigger perform- 
ance analysis as a function of selected software or 
hardware events. 


Ensuring Software Reliability 


As code is developed, there is a need to ensure that 
it has no defective code. Typically for this purpose, 
test suites are developed by software engineers. 
The engineers use their theoretical understanding of 
the software to devise test suites that will exercise 
the code paths. Then, the program under test is run 
with the test suites, and the program’s output is ex- 
amined. If the desired values are present in the out- 
put, it is assumed that the paths were tested. But 
this is an inference; the test results do not them- 
selves show whether the paths were all exercised. 


Thus, without the help of the iPAT analyst, testers 
cannot be confident that their tests exercised all the 
code. As a result, there may be a tendency to re- 
strict designs to familiar algorithms and techniques, 
so that previously successful test suites can be 
reused. : 


By contrast, the coverage mode in the iPAT analyst 
enables you to identify easily and quickly which lines 
Or procedures in your software are not being 
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exercised by the test suites. Thus, you need not re- 
strict your test suites or your coding techniques and 
options. Furthermore, when the iPAT analyst reveals 
untested code, you can modify your test suites until 
the iPAT analyst shows that all code is tested. 


How the iPAT™ Analyst Affects 
Development 


As your code is being developed, preliminary analy- 
ses can be made with the iPAT analyst. Then, when 
your system hardware is developed to the point that 
code can be loaded into it and run, the iPAT analyst 
can make real-time measurements. Refinements of 
software and test suites can occur up until product 
release, with each new modification being checked 
by the iPAT analyst for execution efficiency and reli- 
ability. 


But, the iPAT analyst’s usefulness to the product is 
not at an end, because most products are enhanced 
after the first release. As new releases are being 
prepared (to add new features), the iPAT analyst will 
be available to analyze the new code and the new- 
est test suites. 


The iPAT analyst can also be used to enhance exist- 
ing products—products that were developed before 
performance analysis was available. you can exam- 
ine existing code with the iPAT analyst to identify 
slow code; recode; re-examine; then, when perform- 
ance (and reliability) have been improved, release 
the enhanced products. 


The iPAT analyst provides a way for software engi- 
neers to check whether the software meets perform- 
ance specifications. In addition, in the future you will 
be able to write more meaningful specifications that 
cite desired iPAT measurements. 


If portions of code are likely to be reused, the iPAT 
analyst can provide measurements of the reusable 
code’s performance characteristics. Then, future us- 
ers of the code will know in advance what to expect 
from the code. 


Another use of performance analysis is encouraging 
engineers to engage in ‘what-if’ thinking. They can 
ask, “What if this portion of the code was designed 
this way?” Then, after they complete several ways 
of coding, the various versions can be analyzed by 
the iPAT analyst to reveal which has the greatest 
efficiency. 


PHYSICAL DESCRIPTION 


The iPAT system consists of hardware and software. 


Figure 1 shows the iPAT hardware connected to the 
I2ICE emulation system and hosted by an IBM PC 
AT. The iPAT hardware includes the following: 


© Power supply (with AC and DC power cables) 
e Core module 


e Emulator-specific target interface (which enables 
the core module to function with a deri emula- 
tor) 


¢ Cable for connecting the core module to the tar- 
get interface 


e RS-232 serial cable for connecting the core mod- 
ule to the host system 


iPAT software is integrated with the emulator soft- 
ware. Thus, with the iPAT/I2ICE system target inter- 
face you receive I2ICE system host software. (You 
do not receive I2ICE system probe software; contin- 
ue to use the probe software—version 1.7 or later— 
supplied with the I2ICE system.) In addition, you re- 
ceive iPAT diagnostic and tutorial software. 


FUNCTIONAL DESCRIPTION 


Users will begin analysis of their code by obtaining 
an overview of their software’s operation, and then 
restrict their focus as they home in on the problem 
areas in their code. Five analysis modes are avail- 
able: 

© profile 

® coverage 

e windowed event count 

e duration 


e linkage 


Of these, the profile and coverage modes can be 
used to acquire both overviews and more localized 
inspection of your software behavior. The iPAT win- 
dowed-event-count, duration, and linkage modes 
each provide specific perspectives on localized soft- 
ware behavior. 


GAINING AN OVERVIEW OF 
SOFTWARE OPERATION 


Gaining an overview of your software operation is 
simple with the iPAT analyst. If you want an overview 
of program activity, you load your program, select 
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Figure 1. The iPAT™ Analyst Used with an IBM PC AT 
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the profile analysis mode, and then run the program. 
To do so, you need only enter the following com- 
mands: 


LOAD new_program 
PAT INIT PROFILE 
GO 


To display the results (during or after program exe- 
cution), enter: 


PAT DISPLAY 


iPAT-options and controls provide considerable flexi- 
bility in monitoring and displaying information about 
your code. Yet the default settings have been de- 
signed with a view to typical applications and ease- 


Mode: PROFILE 
PTIMEBASE: 10us 
Include calls 
Status: OK 


>Time(ms)0Z% 


GET_LOADING_INFO 
FIND_3D_POSITION 
READ_SURFACE_SENSORS 
GET_AIRSPEED 
GET_THROTTLE_SETTING : 
GET_AILERON_POSITIONS: 
GET_RUDDER_POSITION : 
GET_FLAP_POSTIONS : 
CALCULATE_FEASIBILITY: 
REFRESH _PILOT_DISPLAY: 
GET_PILOT_RESPONSE : 
SET_THROTTLE : 
SET_AILERONS : 
SET_RUDDER : 
SETUFLAPS 

*Background* 
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Total: 
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of-learning. Default operation in the profile mode 
monitors all procedures in the user program and 
measures their real-time characteristics. 


The default display for profile mode is a histogram 
that shows the time spent in each of your program’s 
procedures. See Figure 2 for a sample default profile 
display. 


Acquiring an overview of test coverage is also sim- 
ple. First set up the coverage mode. 


PAT INIT COVERAGE 


Example: The procedure REFRESH 
PILOT_DISPLAY consumes about 17.5% 
of the program execution time. 


ABS 
HISTO 
SORT 
FILTER 


Data concerning execution of the main-line 


code is included in the Background line. 
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Figure 2. Profile Mode: Time Histogram Display 
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Then, run your program with the data inputs from 
your tests suites, and request a display of results 
using the following commands: 


GO FROM top 
PAT DISPLAY 


By default, the coverage display lists all procedures 
and indicates whether each was executed. Figure 3 
shows a sample coverage display. It indicates that 
no code in the procedures GET__AIR__SPEED and 
SET__.RUDDER was executed by the test suites. 


GETTING OTHER VIEWS OF 
SOFTWARE OPERATION 


To obtain more refined information about program 
operation and test coverage, you can use all five 
analysis modes. For all modes, the basic display 
command is the same: 


PAT DISPLAY 


You can select whether the display should be re- 
newed periodically during real-time program execu- 
tion. If you select periodic renewal, you can also se- 
lect how frequently (in seconds) it is renewed. 


Data collection occurs with one of five selectable 
time bases: 100 pus, 10 us, 1 pws, and 200 ns. The 
default value is 10 ps. 


The following sections describe how each of the five 
analysis modes and their associated displays can be 
used to obtain other kinds of overviews and how to 
localize the collection of data. 


Mode: COVERAGE 


For: Module_A 


>GET_LOADING_INFO = 
>FIND_3D_POSITION : 
>READ_SURFACE_SEN : 
>GET_AIRSPEED 
>GET_THROTTLE_SET 


>GET_AILERON_POSI = 
>GET_RUDDER_POSIT : 
>GET_FLAP_POSTION : 
>CALCULATE_FEASIB : 
>REFRESH_PILOT_DI : 
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Coverage Mode 


The default features of the coverage mode have al- 


ready been described. Once you have a coverage © 


overview, you may want to restrict the data dis- 
played. 


For example, if the default coverage information 
shows that all procedures were executed by test 
suites, you may next wish to determine whether all 
lines in certain procedures were executed. You 
would then request a display (for the address range 
desired) of the lines not executed. Using this meth- 
od, you can obtain very refined test-coverage infor- 
mation and thus help ensure software reliability. 


Profile Mode 


For profile mode there are a number of ways you 
can control analysis and the display of data. 


Profile-Mode Analysis: For profile mode, data, by 
default, is collected on program procedures. If you 
want to acquire an even wider overview, you can 
change the focus to program modules. Or, for a very 
close view, you can request that data be collected 
on the lines executed. 


After you have examined your program’s profile dis- 
play, you may notice that several procedures are us- 
ing excessive time. You will next want to use the 
iPAT analyst to determine whether the time spent is 
really attributable to those procedures or rather to 
calls by those procedures to other procedures. In 
the default case, when a procedure calls another, 
the time spent in the called procedure is accumulat- 


Example: SET_AILERONS was executed 
but SET_RUDDER was not. 


SHOW = ALL PROC 


>GET_PILOT_RESPONSE: 
>SET_THROTTLE : 
>SET_AILERONS 

> SET_RUDDER 
SSETIFLAPS 
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ed by the iPAT analyst as part of the calling proce- 
dure’s time. If you do not want time charged to the 
caller, change the control so that the time accumu- 
lated by calling procedures excludes time used by 
called procedures. Then rerun the program and col- 
lect new data. Now, by comparing the time charged 
to the calling procedure in the two cases, you can 
determine to what extent calls by the procedure use 
excessive time. 


When you use profile mode, you need not collect 
data on the whole program. You can restrict the 
range of modules, procedures, or lines that are pro- 
filed. In addition, you can restrict the profile to speci- 
fied absolute-address ranges or to an interrupt-ad- 
dress pair. 


Profile-Mode Displays: The default profile display 
(shown in Figure 2) provides a histogram of the time 
used by program procedures. Once you notice that 
some procedures are taking too long, you will want 


to determine how often those procedures are called. 
Is the excessive time a result of their being called 
frequently or the result of slow code? To find out, 
you need only select a display of count information. 
A histogram appears immediately (derived from al- 
ready-acquired data). In the histogram, the lines for 
the procedures that are taking too long will show 
whether their counts are small (implying slow code) 
or large. 


You can also display count and time information 
simultaneously by selecting the table display option. 
To do so, simply change the HISTO control to false 
and request a new display. Figure 4 shows a sample 
profile table display. 


Another display control allows you to specify in what 
order data is presented. By default, data is present- 
ed in address order. But you can also direct the iPAT 
analyst to arrange results in time order or count or- 
der, with highest values first. 


Example: GET_THROTTLE_SETTING was 
executed 49 times. Total execution time was 380 
ms, with 7.8 ms as the average execution time. 


Mode: PROFILE 
PTIMEBASE: 10us 
Include calls 
Status: OK 


:Count :Time(ms) 


GET_LOADING_INF 0 
FIND_3D_POSITION : 
READ_SURFACE_SENSORS : 
GET_AIRSPEED : 
GET_THROTTLE_SETTING : 
GET_AILERON_POSITIONS: 
GET_RUDDER_POSITION : 
GET_FLAP_POSTIONS : 
CALCULATE_FEASIBILITY: 
REFRESH_PILOT_DISPLAY: 
GET_PILOT_RESPONSE 
SET_THROTTLE 
SET_AILERONS 
SET_RUDDER 

SET_FLAPS 
*Background* 


TRUE 
FALSE - 
ADDRESS 
FALSE 


ABS 
HISTO 
SORT 
FILTER 


:Time Min :Time Ave :Time Max 
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Figure 4. Profile Mode: Table Display 
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‘Duration Mode 


Duration-Mode Analysis: With the duration mode 
you can focus on timing information for one block of 
code or one interrupt-address pair. If you wish to 
determine how regularly a procedure meets perform- 
ance specifications for timing, duration mode will 
provide the answer. This mode also is useful when 
you want information on how widely response time 
varies between the arrival of an interrupt and the 
execution of a particular service routine. 


Duration mode collects data from repeated execu- 
tions of a specified block of code or interrupt-ad- 
dress pair. The data is then placed in a number of 
bins (selectable as 8, 16, or 32 bins). You can select 
whether the bins have equal intervals or bin size in- 
creases logarithmically (use the latter when you ex- 
pect a wide variation in time values). 


Figure 5 shows a sample duration-mode default dis- 
play. It assumes that a user wishes to find out the 
variation in response time for a specific interrupt-ad- 
dress sequence. In this case, the user is interested 
in the elapsed time between an interrupt caused 
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by ground contact of an airplane’s landing gear and 
the execution of the first statement in the procedure 
that controls thrust shutdown. The display shows, 
for example, that the bin for the elapsed time interval 
4 us to 7 ws recorded 17 instances of the interrupt- 
procedure execution pair. Note that in this case the 
performance specification indicated that elapsed 
time should never exceed 64 wus, the duration dis- 
play shows that the current design does not meet 
the specification. 


Duration-Mode Displays: The default duration dis- 
play (as shown in Figure 5) provides a time histo- 
gram. A table display can also be selected. 


In duration mode, you are not restricted to learning 
only about timing that occurs between two events. 
You can also learn about timing that occurs outside 
the event pair—the demand for the event pair. Sup- 
pose, for instance, RAM memory in your operating 
system is currently filled, and you want to determine 
whether one of the processes stored there is used 
too infrequently to justify its placement in RAM. Col- 
lect data on this process using the duration mode. 
Then use the duration-mode OUTER display option. 


Example: This bar shows that on 17 occasions 
STOP_THRUST required between 4 and 7 is to 
execute. 


DURATION 

Interrupt to STOP_THRUST 
1 us to 25b us 

1 us 

Logarithmic 

OK 


Mode: 
Event: 

Bin Range: 
PTIMEBASE: 
Type: 
Status: 


Frequency-> 


8) 4 ) 
Intefvaltus) +--<<c-= orp aia cag ides 3 semana tS ere 


SELECT 
HISTO 
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Figure 5. Duration Mode: Histogram Display 
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By doing so, you select a display of binned timing 
data that shows the distribution of the specified pro- 
cess’s demand. If the process is infrequently used 
(contrary to original expectations), it could be moved 
to disk and RAM space made available for other, 
more frequently used, routines. 


Windowed-Event-Count Mode 


The windowed-event-count mode counts how often 
a specified begin-end pair (window) is entered—and 
how often, once the window is entered, an interrupt 
occurs or a specified address is executed. (A count 
is also kept of how often the selected event occurs 
outside the window.) As with the duration mode, 
data is binned. The begin-end pair can be two ad- 
dresses (specified absolutely or symbolically) or an 
address and the occurrence of an interrupt. 


This mode is useful for obtaining refined count data. 
For example, if profile mode indicates that proce- 
dure A is using excessive time and that much of the 
time is attributable to procedure calls, you can use 


iguces) sie 


this mode to get a better understanding of the situa- 
tion. Use procedure A as the window and the name 
of a procedure it calls (B) as the event of interest. 
Data will then be gathered and placed in bins. The 
resulting display will show the distribution of how of- 
ten procedure B is called each time procedure A is 
executed. Thus, you can see whether procedure B is 
the procedure causing procedure A to use so much 
time. : 


Because the event is counted both inside and out- 
side the window, you can use this mode to deter- 
mine whether an undesired event occurs excessive- 
ly within a given block of code. If, for example, one 
procedure consumes too much time and you sus- 
pect that interrupts are occuring excessively during 
the procedure, use this mode to corroborate your 
suspicions. Specify the procedure as the window 
and interrupts as the event. Then display the results 
both for interrupts within the procedure and those 
outside the procedure. By comparing the two dis- 
plays, you can determine whether interrupt frequen- 
cy within the procedure is skewed. Figure 6 shows a 
sample display for interrupts that occur inside the 
window. 


Example: This bar shows that for 15 executions of 
STOP_THRUST, interrupts inside of 
STOP_THRUST occurred between 25 and 29 times. 


WINDOW 
STOP_THRUST 
Interrupt 


Mode: 
Window: 
Event: 
Bin Range: Sto44 
Type: Linear 
Status: OK 


Frequency-> 


Interval 


SELECT 
HISTO 
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Figure 6. Windowed-Event-Count Mode: Interrupt Latency Histogram 
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As with the duration mode, you can select the granu- 
larity of data collection for the windowed-event- 
count mode (8, 16, or 32 bins), and you can specify 
linear or logarithmic binning. 


Linkage Mode 


Linkage mode has two options, the many-to-one op- 
tion and the many-to-many option. Both options al- 
low you to focus on inter-procedure activity. 


Many-to-One Option: With this linkage option, you 
can focus on one procedure or block of code (the 
one) and determine its linkage to other procedures 
or blocks of code (the many) that call it. 


For example, suppose that profile mode has re- 
vealed procedure SCALE__DISTANCE to be using 
excessive time and is called often (see Figure 7). If 
many of the calls to it are from one or two proce- 
dures, to improve execution speed SCALE__DIS- 
TANCE could be optimized and moved in line into 
the procedures that call it often. The many-to-one 
option can help in this case. You simply enter the 
PAT LINKAGE analysis command and specify the 
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names of the procedure that call SCALE__DIS- 
TANCE (the many) and specify SCALE__DISTANCE 
as the one. Then, when the program is executed, 
appropriate count and time data is collected. Figure 
7 shows a sample count histogram display for the 
many-to-one option. For each of the calling proce- 
dures, Figure 7 shows the average number of invo- 
cations of SCALE__DISTANCE. We see that proce- 
dure DRAW__MAP, on the average, invokes 
SCALE__DISTANCE 10.2 times. 


The many-to-one display can also be changed to a 
time histogram (showing, for each of the many pro- 
cedures, the average time the one procedure uses) 
or to a table. 


Many-to-Many Option: This linkage option allows 
you to collect information on the linkage between 
many event pairs. 


In the other modes, you cannot use an interrupt or 
the same address to specify both members of an 
event pair. For the many-to-many option, there is no 
such restriction. Thus, with this option you can col- 
lect timing and count information on recursive proce- 
dures and interrupt-to-interrupt activity. 


Example: This bar shows that DRAW_MAP 
invokes SCALE_ DISTANCE 10.2 times, on the 
average — more times than any other procedure. 
Note that the label ‘‘O”’ stands for One and “‘M”’ 
stands for Many. 


Mode: LINKAGE (many-to-one) HISTO = COUNT 
PTIMEBASE: 100us 
Status: OK 


To (0): SCALE_DISTANCE 


0-Count 
> M-Count 


Event (M) 


DRAW_MAP - 

DRAW_FLIGHT_PATH : 
DRAW_OTHER_ACRFT_PATH: 
DRAW_GRND_TURBULANCE : 
DRAW_DISTANCE_MARKERS: 
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Figure 7. Linkage Mode (Many-to-One): Count Ratio Histogram 
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Data for the many-to-many option is displayed in a 
table. See Figure 8 for a sample display. 


USER INTERFACE 


The iPAT software is integrated with the emulator 
software. For example, iPAT command options are 
integrated in the emulator syntax menu at the bot- 
tom of the screen. 


In addition, the emulator LITERALLY command can 
be used to abbreviate frequently used commands. 
The history buffer is also available to retrieve previ- 
ous commands. 


As already noted, the iPAT analyst requires only one 
command line to set up an analysis-mode (PAT 
INIT) and one to request a data display (PAT DIS- 
PLAY). There are also six display pseudo-variables 
used to set display options: SHOW, ABS, SELECT, 
FILTER,. SORT, and HISTO. 


Users can save test-coverage data collected for 
subsequent reviewing. The command PAT SAVE 
saves coverage data to a user-specified file; the 
command RECALL enables you to restore the file 


and then update the test information with additional 
test runs. 


Displays for all modes can be saved to a file using 
the emulator LIST command. 


To speed command entry, you can create registers 
that save frequently used commands. Then use the 
names of the desired registers with your analysis 
and display commands. 


The emulator’s screen editor can be used to exam- 
ine and modify source code that the iPAT analyst 
has pinpointed as needing improvement. 


SPECIFICATIONS FOR iPAT™ AN 
I2ICET’ SYSTEM 


Host Requirements 


Intel Series Ill or Series IV development system ; or 
an IBM PC XT or PC AT system 


At least 512K bytes of RAM (of which 384K bytes 
must be available for the iPAT/I2ICE system soft- 
ware) 


Example: This line shows how often interrupts occur 
and provides timing information about the intervals 
between interrupts. In this case 220 interrupts 
occurred; the average interrupt-to-interrupt time 
interval was 250 zs. 


Mode: 
Timebase: 10us 
Status: OK 


Events 


oe eww eee ew ew ee we ee 7 


DRAW_MAP : 
DRAW MAP ee 18) 


INTERRUPT | 
INTERRUPT 


SET_FLAPS 
SET_RUDDER 


SET FLAPS: ° 
SET_AILERONS 


—— —— ee ee ee ew ee ee ee ee ee ee ee ee ee oe +e wm wm wm MK $e em em er ewe 


LINKAGE (many-to-many) 


Count:Time (us):Time Min:Time Ave:Time Max: 
--+¢-------- +-------- +-------- + 


--+-------- +-------- +-------- * 
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Figure 8. Linkage Mode (Many-to-Many) Display 
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Available serial channel that operates at 300, 1200, 
9600, or 19200 baud. (For a Series IV host, the avail- 
able channel must be the IEU channel and, to use 
the iPAT analyst at baud rates greater than 300, an 
SPU board must be installed.) 


Two double-density diskette drives or a hard disk 


I2ICET’ System Requirements 


Version 1.7 (or greater) probe software 


iPAT software does not support I2ICE system opera- 
tion with the Intel Logic Timing Analyzer (iLTA) and 
iLTA software does not support iPAT operation. 


After the iPAT analyst interface board is installed, 
space is available in the I2ICE system instrumenta- 
tion chassis for only one optional board. (Thus the 
user can install only one optional high-speed (OHS) 
memory board.) 


Only one iPAT analyst will function in a multiple- 
probe I2ICE system. 


iPATT™ Analyst Software 
I2ICE host software that includes iPAT software 


iPAT confidence tests 


iPAT tutorial software 


System Performance 


Address Range Specification: Address ranges can 
be specified symbolically (for code compiled by Intel 
compilers) or with absolute addresses. Addresses 
anywhere within processor address space can be 
used. 


Speed: The iPAT analyst captures instruction ad- 
dresses at full processor speeds (however, when us- 
ers specify many short intervals that are frequently 
executed, iPAT processing overflow may occur). 


Timebase: Data collection timebase selectable as 
200 ns, 1 ws, 10 ws, or 100 pus. 


Display Updates: Users can specify how frequently 


(in seconds) displays are updated. 


Status: If time-count, bin-count, or FIFO overflow 
occurs, the display indicates the overflow. 


iPAT™ 


Profile Mode: Collects time and count information 
on specified entry-exit pairs. Permits specification of 
125 entry-exit pairs when calls to other procedures 
are included in data collection and a minimum of 63 
pairs when calls are excluded. Data collection can 
focus on modules, procedures, lines, absolute ad- 
dress pairs, or interrupt-address pairs. Displays are 
selectable as histograms or tables; data displayed 
can be sorted by address, count, or time. 


Coverage Mode: Provides up to 252K bytes of cov- 
erage, mappable anywhere within the processor ad- 
dress space. Results are displayed in a table; users 
can select whether the table shows modules, proce- 
dures, or lines executed (and/or not executed). 


Linkage Mode: The linkage mode has two options: 


Many-to-One Option: Collects count and time data 
about interaction of one specified entry-exit pair with 
respect to other specified entry-exit pairs. Permits 
specification of 63 entry-exit address pairs for the 
many and one entry-exit address pair for the one. 
Displays are selectable as histograms or tables; 
data displayed can be sorted by address, count, or 
time. 


Many-to-Many Option: Collects count and time 
data on one or more pairs of events. Permits specifi- 
cation of 63 event pairs; each member of a pair can 
be an address or interrupt. Measurements of recur- 
sion and interrupt to interrupt are supported. Display 
is a table. 


Modes that Organize Data into Bins: The following 
two iPAT modes organize collected data into bins. 
Users can select bin granularity (8, 16, or 32 bins) 
and the highest and lowest values for the outer bins. 
Users can also select whether bin intervals are 
equal or increase logarithmically. 


Windowed-Event Count Mode: Collects count 
data concerning an event that occurs within a speci- 
fied window. Permits selection of the window entry- 
exit pair as an address pair, interrupt-address pair, or 
address-interrupt pair. The event selected.can be an 
address or an interrupt. Resulting binned count data 
can be displayed as a histogram or table. 


Duration Mode: Collects time information for a se- 
lected entry-exit pair. Permits selection of an entry- 
exit pair as an address pair, interrupt-address pair, or 
address-interrupt pair. Resulting binned timing infor- 
mation can be displayed as a histogram or table. 
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PHYSICAL CHARACTERISTICS 


Target-Interface Board (to be 
installed in I2ICE system 
instrumentation chassis): 


Length 30 cm (12 in) 
Width 30 cm (12 in) 


iPAT Core Module: 


35 cm (133% in) 
21cm (81% in) 
4cm (1% in) 


28 cm (11 in) 
11 cm (41% in) 
19 cm (73% in) 


AC power cord for the power supply: 3.0 m (10 ft) 


Power-supply-to-core DC power cable: 1.8 m (6 ft), 
10 conductor 


Emulation-clips jumper cable: 20 cm (8 in), 40 con- 


Environmental Requirements 

Operating Temperature: 10°C to 40°C (50° to 104°F) 

Operating Humidity: Maximum. of 85%’ relative hu- 
midity, non-condensing © 


ORDERING INFORMATION 
Order Code Description . 


iPATCORE _ iPAT core unit that supports Intel 8- 
and 16-bit microprocessors. It must 
be used with the appropriate emulator 
target interface, cables, and software. 


iPAT-I2ICE system target interface, 
cables, and DOS software for IBM PC 
AT and PC XT host 


iPAT-I2ICE system target. interface, 
cables, and ISIS software for Series III 
host 


iPAT-I2ICE system target interface, 
cables, and iNDX software for Series 
IV host 


iPAT86DOS_iPAT DOS software (for use with IBM 
PC AT and PC XT hosts) and serial 


iPAT86PC 


iPAT86S3 


iPAT86S4 


ductor cables 

iPAT86NDX iPAT Series IV (INDX) software and 
Execution-trace jumper cable: 10 cm (4 in), 60 con- serial cable 
ductor iPAT86ISS _iPAT Series III (ISIS) software and se- 
iPAT-to-emulator cable: 0.9 m (36 in), 60 conductor nal cane 
RS232 serial cable (for connecting the iPAT core to 
the host system): 3.7 m (12 ft). This cable is shipped 
with the iPAT software. 
Electrical Characteristics 
Selectable AC power source: 100V, 120V, 220V, 
240V 
47-63 Hz 
2 amps (AC) at 100V or 120V, 1 amp at 220V or 
240V 
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12ICETM Integrated Instrumentation 
and In-Circuit Emulation System 


Provides Real-Time In-Circuit Emulation m Supports Common Memory between 


m Offers Symbolic Debugging Capabilities Processors without Any User System 
— Accesses Memory Locations and Hardware 
Program Variables (including m Offers a Performance Analysis Tool 
Dynamic Variables) Using Program- (iIPAT™ Analyst) 


Defined Names ; 
ihre ; m@ Maps User Program Memory into a 
— Maintains a Virtual Symbol Table Maximum of 288K Zero-Wait-State RAM 
— Source Code Display at Breakpoints (Zero Wait-States to 10 MHz) 
g@ Offers Multi-Condition, Multi-Level, 
Multi-Probe Break and Trace Capability ©” <n slic dba so on 


m@ Provides Built-in AEDIT Editor to Allow m Provides Disassembly and Single-Line 


Editing of Development System Files " 
without Exiting from I2ICE Operation epee lt, ee he eee 


m Provides Low Cost Conversions Among = Common Human Interface Provided by 


ae S068, 80186, S0165 and 6028S the PSCOPE-86 Debugging Language 
SIODIOC SOO Ors and the I2ICE Command Language 


m Simultaneously Controls up to Four mw Uses Integrated Command Directory, 
Microprocessors for Debugging ICDT™, for Command Syntax Direction/ 


Multiprocessor Systems for a Single Correction to Ease Debug Operations 
Work Station 


The Intel Integrated Instrumentation and In-Circuit Emulation (I2ICET™) system aids the design of systems that 
use the 8086, 8088, 80186, 80188 and 80286 microprocessors. The I2ICE system combines symbolic soft- 
ware debugging, in-circuit emulation, and the optional Intel Performance Analysis Tool (iPAT analyst). Support 
features for the 8087 and 80287 coprocessors are also included. For the 8086/8088, 80186/80188, and 
80286 processors, the I2ICE system supports programs written in C, PL/M, FORTRAN, Pascal, and assembly 
language. Up to four I2ICE instrumentation chassis can be hosted by one of Intel’s Intellec® microcomputer 
development systems or by an IBM* PC AT or PC XT. 


210469-1 
*IBM is a trademark of the International Business Machines Corporation. 
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PHYSICAL DESCRIPTION 


The I2ICE system hardware consists of the host in- 
terface board, the I2ICE instrumentation chassis, the 
emulation base module, the emulation personality 
module, a host/chassis cable, inter-chassis cables 
(for multiple chassis systems), a user cable, optional 
high-speed memory boards, and an optional per- 
formance analyzer. The I2ICE system software con- 
sists of I2ICE host software, I2ICE probe software, 
confidence tests, PSCOPE-86, and optional iPAT 
analyst software. Table 1 shows elements of the 
I2ICE system. 


The host interface board resides in the host devel- 
opment system. A cable connects the host interface 
board to the I2ICE instrumentation chassis. Another 
cable connects the I2ICE instrumentation chassis to 
the buffer box. 


The instrumentation chassis contains high-speed 
zero-wait-state emulation memory, break-and-trace 
logic, memory and I/O maps, and the emulation 
clips assembly. 


The chassis may also contain the optional perform- 
ance analyzer and optional high-speed memory. 
High-speed memory is expandable from 32K bytes 
to 288K bytes in 128K increments. 


The buffer box contains the emulation personality 
module. This module configures the I2ICE system 
for a particular iAPX microprocessor. The user cable 
connects the buffer box to user prototype hardware. 


The host development system may host up to four 
I2ICE instrumentation chassis. Each chassis may 
have its own buffer box, user cable, emulation clips, 
optional high-speed memory boards, and pertorm- 
ance analyzer. 


TARGET SYSTEM CONSIDERATIONS 


To ensure proper emulation of a host target system, 
consider the following: 


e Each I2ICE system probe has specific timing pa- 
rameters that differ from the chip which the probe 
emulates. Hence, a customer design that follows 
the chip’s timing specifications may not work with 
the I2ICE system probe. The target system may 
have to be modified slightly to account for the dif- 
ferences in timing between the probe and the chip. 
See the probe waveform section in this data sheet 
for timing differences. 


e Target system noise and signal margins and tim- 
ings are a critical consideration for emulation at 
speeds beyond 6 MHz. Typical solutions used to 
reduce target system noise such as RC networks 
and series resistor terminations could cause unac- 


PIcET™ 


ceptable timing degradation. Consequently, Intel 
recommends that wirewrap target boards be care- 
fully designed for emulation with the I2ICE system. 
Printed circuit boards should be used because of 
the superior signal transmission characteristics. All 
target systems must have power and ground 
planes, decoupling capacitors, and signal lines 
layed out according to correct design techniques. 
For an introduction to proper design, see Applica- 
tion Note 125, Designing Microcontroller Systems 
for Electrically Noisy Environments, Order Number 
210313. 


The I2ICE system depends on a target system 
clock signal to run the internal probe circuitry. To 
run the internal probe circuitry, the clock signal 
must satisfy two criteria. The target system clock 
must meet the voltage levels defined in this data 
sheet and it must also exceed the TTL logic family 
minimal noise and ringing specifications. This is 
necessary since the signal must travel up the user 
cable and through data buffers to reach the probe 
circuitry. The I2ICE system is designed to minimize 
the capacitive, noise, and chip delay associated 
with this path, but these effects worsen timings 
and amplify target system noise that may exist. 


FUNCTIONAL DESCRIPTION 


Resource Borrowing 


The |2ICE system memory map allows the prototype 
system to borrow memory resources from the I2ICE 
system. 


If prototype memory is not yet available, the user 
program may reside in |2ICE memory. Because this 
memory is RAM, changes can be made quickly and 
easily. For example, if the prototype contains 
EPROM, it does not need to be erased and repro- 
grammed during development. 


Later, as prototype memory becomes available, the 
verified user program can be reassigned, memory 
block by memory block, to prototype memory. 


The I2ICET’ System Memory Map 


The I2ICE system can direct (map) an emulated mi- 
croprocessor’s memory space (the user program 
memory) to any combination of the following: 


e High-speed |2ICE system memory—this consists 
of 32K bytes of programamble wait-state memory 
(programmable from 0 to 15). This memory re- 
sides in the l2ICE system chassis on the map-I/O 
board. 
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Table 1. 12ICET™ System Overview 


OPTIONS 


MULTIBUS® 
BOARD 
AND 
CABLE 
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SERIES 111° 
(ISIS) 


PC BOARD 
AND CABLE 


rr ee —eeyee 
HOST DEVELOPMENT SYSTEM  HOST-TO-I2ICETM SYSTEM 


CHASSIS AND EMULATION MODULE EMULATION 
INTERFACE BOARD PERSONALITY 
AND CABLE MODULE 
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Description 
Required for all applications. Use one of the following: 
@ Intellec Series II| development system 
e Intellec Series IV development system 


@ IBM PC AT or PC XT (with 512K bytes of available memory and version 3.0 of 
PC DOS) 


© IBM 50 system (available in Japan; features kanji) 


Host Development 
System 
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Table 1. 12ICET™™ System Overview (Continued) 
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Host-to-I2ICE System Required for communication between the host and the I2ICE system. 

Interface Board, Cable, © MULTIBUS® bus interface board for Series Ill and Series IV (product code 

and Host Software 11520) 

¢ Host-to-l2ICE system cable for the Series ||| and Series IV (product code 
111530 or 111531) 

e |2ICE system host software for the Series Ill and Series IV (product code 
I11951A, B, or C) 

e Package with PC host interface board, cable and PC DOS version of I2ICE 

host software (product code IIISB20AT954D) 


Required for real-time microprocessor emulation, break and trace capability, and 
memory and I/O capability. 
e Instrumentation chassis (product code III514B) has four board slots: 
1 slot for break/trace board 
1 slot for map-l/O board 
2 slots for 1 (or 2) optional high-speed memory board(s) andlor 1 optional 
logic timing analyzer board 
@ Maximum of four chassis for multi-probe applications 
e Emulation module (product code III620) includes SN, B09 board, map-|l/O 
board, and buffer base box 


Required for emulation of specific microprocessors: 8086/8088, 80186/80188, 
or 80286. 

® Module includes personality board, buffer box cover, and user cable 
© Series Ill or IV: Order probe and probe software separately 

e PC host: Probe and probe software packaged together 


Used to optimize code execution speed and control and to improve software 
reliability. 

¢ Complete with sytem software, power supply, core module, iPAT-to-I2ICE 
interface board, and cables 
Required for memory expansion. 


© 128K bytes of programmable (0 to 15) wait-state memory 
@ One or two boards mount in the instrumentation chassis 


Instrumentation Chassis 
and Emulation Module 


Emulation Personality 
Module (Probe) and Probe 
Software 


Intel Performance Analysis 
Tool (iPAT Analyst) 


Optional High-Speed 
Memory Board (OHS) 


¢ Optional high-speed |2ICE memory—this consists 


e Read-only—the I2ICE system displays an error 


of up to 256K bytes of programmable wait-state 
memory (0 wait-states up to 10 MHz). This mem- 
ory resides in the |2ICE system chassis on one or 
two optional high-speed memory boards (128K 
bytes each). 


MULTIBUS® bus memory (host system memo- 
ry)—this resides in the host development system 
itself. (Any amount of unused host memory can 
be used in 1K increments.) Note that this feature 
is not available for a PC host. 


User memory—this resides in the user prototype 
hardware. 


message if a user program attempts to write to an 
area of memory designated as read-only. The 
user can, however, write to a read-only area with 
I2ICE system commands. 


Read/write, no verify—normally, the I2ICE sys- : 
tem performs a read-after-write verification after 
program loads and after writing to memory with 
an I2ICE system command. The I2ICE system 
can suppress this verification. For example, if a 
prototype has memory-mapped |/O, a verifying 
read may change the state of the I/O device. 


Guarded—initially, the I2ICE system puts. all 


memory in a guarded state. Neither the user pro- 
gram nor the I2ICE system user can access 
guarded memory. 


When a user program runs in |2ICE memory or user 
memory, the I2ICE system emulates in real time. A 
memory access to MULTIBUS bus memory, howev- 
er, inserts approximately 25 wait-states into the 
memory cycle. The I2ICET™ System I/O Map 

The I2ICE system can direct (map) an emulated mi- 
croprocessor’s I/O space to the host development 
system’s console, to the prototype system, to de- 
bugging procedures, or to a combination of these. 
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In addition to directing memory accesses, the follow- 
ing access restrictions can be specified. 
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“SIMULATING I/O WITH THE HOST 
DEVELOPMENT CONSOLE 


Suppose a user program requires input from an I/O 
device not yet part of the prototype. Map the input 
port range assigned to that device to the host devel- 
opment system’s console. Then, when the user pro- 
gram requires input, it halts and the I2ICE system 
console displays a message requesting the data. 
When you enter the required data at the keyboard, 
the user program continues. 


SIMULATING I/O WITH I2ICE™ SYSTEM 
DEBUGGING PROCEDURES 


Procedures that supply the needed input data can 
be written in the I2ICE system command language. 
When setting up the I/O map, the user specifies that 
the |/O procedure is invoked when certain |/O ports 
are accessed. 


1/O ports are mapped in blocks of 64 byte-wide 
ports or 32 word-wide ports. A total of 64K byte-wide 
ports or 32K word-wide ports can be mapped. 


Symbolic Debugging 


With symbolic debugging, a memory location can be 
referenced by specifying its symbolic reference. A 
symbolic reference is a procedure name, line num- 
ber, or label in the user program that corresponds to 
a location in the user program’s memory space. 


TYPICAL SYMBOLIC FUNCTIONS 


Symbolic functions include: 


e Changing or inspecting the value and type of a 
program variable by using its program-defined 
name, rather than the address of the memory lo- 
cation where the variable and a hexadecimal val- 
ue for the data are stored. 


e Defining break and trace events using source- 
code symbols. 


With symbolic debugging, the user can reference 
static variables, dynamic (stack-resident) variables, 
based variables, and record structures combining 
primitive data types. The primitive data types are 
ADDRESS, BOOLEAN, BYTE, BCD, CHAR, WORD, 
DWORD, SELECTOR, POINTER, three INTEGER 
types, and four REAL types. 


THE VIRTUAL SYMBOL TABLE 


The I2ICE system maintains a virtual symbol table 
for program symbols; that is, the entire symbol table 
need not fit into memory at the same time. (The size 
of the virtual symbol table is constrained only by the 
Capacity of the storage device.) 


I2ICET™ : 


The I2ICE system divides the symbol table into 
pages. If a program’s symbol table is large, the I2ICE 
system reads only some of the symbol table pages 
into memory. When the user references a variable 
whose symbol is not currently defined in memory, 
the I2ICE system reads the needed symbol table 
page from disk into memory. 


Breakpoint, Trace, and Arm 
Specifications 


With I2ICE commands, breakpoint, trace and arm 
specifications can be defined. 


Breakpoints allow halting of a user program in order 
to examine the effect of the program’s execution on 
the prototype. With the I2ICE system, a breakpoint 
can be set at a particular memory location or at a 
particular statement in a user program (including 
high-level language programs). A break can also be 
set to occur when the user program enters or ac- 
cesses a specified memory partition or reads or 
writes a user program variable. When the user pro- 
gram resumes execution, it picks up from where it 
left off. 


Normally, the I2ICE system traces while the user 
program executes. With a trace specification, how- 
ever, the user can choose to have tracing occur only 
when specific conditions are met. 


An arm specification describes an event or combina- 
tion of events that must occur before the I2ICE sys-. 
tem can recognize certain breakpoint and trace 
specifications. Typical events are the execution of 
an instruction or the modification of a data value. 


The I2ICE system command language allows you to 
specify complex, multilevel events. For example, you 
can specify that a break occurs when a variable is 
written, but only if that write occurs within a certain 
procedure. The execution of the procedure is the 
arm condition; the variable modification is the break 
condition. The |2ICE system command language al- 
lows users to specify complex events with up to four 
states with four conditions and to use such events 


as arm, break, or trace conditions; a specified num- | 


ber of events can be used as a condition. 


SOURCE DISPLAY 


With the source display commands, a user can cor- 
relate a module under debug to a source code file. 
Then, when breakpoints are encountered, source 
text is displayed along with the break message and 
the line number of the breakpoint. The number of 
source code lines displayed before and after a 
breakpoint can also be defined. 
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Coprocessor Support 


The 8086/8088 emulation personality module pro- 
vides transparent RQ/GT and MN/MxX pin emulation 
to support real-time prototype systems that use the 
8087 as a coprocessor. The 8086/8088 (and the 
80186/80188) emulation personality module also 
provides debugging features specific to the 8087. 
I2ICE system commands provide access to the 
8087’s stack, status registers, and flags. The I2ICE 
system’s disassembly and trace features extend to 
8087 instructions and data types. 


The 80186 and 80286 emulation personality mod- 
ules also allow the prototype hardware to contain 
coprocessors. The 80186 probe can qualify break 
points and collect trace information when the co- 
processor drives the status lines (SO-—S2) in the pre- 
scribed manner. The 80286 personality module al- 
lows the hardware to contain the 80287 processor 
extension and provides special debugging fea- 
tures—the user can enable and disable the 80287 
and change and examine its registers. 


HOST 
DEVELOPMENT 
SYSTEM 


Figure 1. 12ICET™ System Debugging Capabilities 
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DEBUGGING WITH THE I2ICET™ 
SYSTEM 


The I2ICE system allows both hardware and soft- 
ware debugging (see Figure 1). 


e Software debugging—l2ICE system commands 
permit symbolic debugging of user programs writ- 
ten in high-level languages as well as assembly 
language. By looping the user cable back into the 
buffer box, a user program can be debugged 
even if no prototype hardware is present. In a 
multi-probe environment, the I2ICE system can 
map common memory from the host develop- 
ment system and support semaphore operation 
even with no user system prototype hardware. 
This feature makes possible detailed debugging 
of multi-processor software before the hardware 
is available. 


Additionally, as code is being developed, prelimi- 
nary analyses can be made with the optional 
iPAT analyst. You can also use the I2ICE system 
and the iPAT analyst to analyze program execu- 
tion under different target system conditions. This 
can be accomplished by setting up target system 
conditions in the I2ICE system and running the 
program with the iPAT analyst activated. 
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e Hardware debugging—the I2ICE system is a real- 
time, in-circuit emulator. Trace data are collected 
in real time, and I2ICE system software does not 
intrude into user program space. 


The usefulness of an |2ICE system extends through- 
out the development cycle, beginning with the sym- 
bolic debugging of prototype software and ending 
with the final integration of debugged software and 
prototype hardware. 


PSCOPE-86 


PSCOPE-86 is a high-level language, symbolic de- 
bugger, designed for use with Pascal-86, PL/M-86, 
and FORTRAN-S86. It is a separate product included 
with the Series Ill and Series IV versions of the I2ICE 
system; it runs in the host development system. 
PSCOPE-86 is field-proven, familiar to Intel custom- 
ers, and suited for the debugging of applications 
software when the hardware capabilities of the I2ICE 
system are not needed. The PSCOPE-86 and /2ICE 
command languages are similar. (Note that 
PSCOPE-86 is available as an option for use with 
the PC AT or PC XT.) 


Designing a product that contains a microcomputer 
requires close coordination of hardware and soft- 
ware development. A typical design process takes 
advantage of both the I2ICE system and 
PSCOPE-86. Use PSCOPE-86 for debugging soft- 
ware before downloading the software into a target 
environment; use the I2ICE system for debugging 
and emulation of the target system. 


THE I2ICET’ SYSTEM COMMAND 
LANGUAGE 


The syntax of I2ICE system commands resembles 
that of a high-level language. The I2ICE system 
command langauge is versatile and powerful while 
remaining easy to learn and use. 


The Integrated Command Directory (ICD™) assists 
users with command syntax. 


e The ICD directory directs the user in choosing 
commands from a display on the bottom line of 
the screen. As commands are entered, the bot- 
tom line indicates syntax elements available for 
use in the commands. 


e The ICD directory flags syntax errors. Syntax er- 


rors are flagged as they occur (rather than after 
the carriage return is pressed). 


e The ICD directory provides on-line help with the 
HELP command. 


Automatic expansion of LITERALLY expressions is 
available. When the feature is activated, each char- 
acter string defined by a LITERALLY definition is au- 
tomatically expanded to its full length. 


The I2ICE command language deals with user-creat- 
ed debugging objects. By manipulating debugging 
objects, the user can streamline complex debugging 
sessions. 


Debugging objects are uniquely named, user-creat- 
ed, software constructs that the I2ICE system uses 
to manage the debugging environment. The four 
types of debugging objects are: debugging proce- 
dures, LITERALLY definitions, debugging registers, 


and debugging variables. In the following examples, — 


12ICE system keywords are shown in all caps. 


e Debugging procedures (named groups of I2ICE 
system commands) can simulate missing soft- 
ware or hardware, collect debugging information, 
and make troubleshooting decisions. For exam- 
ple, consider a debugging procedure (called init) 
that simulates input from I/O ports 2 and 4. 


The procedure and MAPIO command are given 
first, followed by an explanation. 


*DEFINE PROCEDURE init = DO 
.-"IF %0==2 THEN 

- -*PORTDATA=100T 

.. ELSE IF %0==4 THEN 

«+e PORTDATA=65T 

e. END 

. "END 


,*END 
MAPIO 0 LENGTH 64K ICE (init) 


Whenever the MAPIO command maps |/O ports 
to an I2iICE system procedure, three parameters 
are made available to the procedure (even if the 
procedure does not use them): %0, %1, %2. The 
parameter %0O passes the port number; %1 
passes a Boolean value that indicates whether 
read or write I/O activity will occur, and %2 pass- 
es a Boolean value that indicates whether the 
1/O is a byte-wide or a word-wide port. PORTDA- 
TA is a pseudo-variable that contains the actual 
port data. This procedure specifies that if port 2 is 
used, the procedure returns 100 (base ten); if, 
however, port 4 is used, the procedure returns 65 
(base ten). 


e LITERALLY definitions are shorthand names for 
previously defined character strings. LITERALLY 
definitions can save keystrokes and improve clar- 
ity. For example, here is the definition of a LITER- 
ALLY that saves keystrokes. This LITERALLY al- 
lows the user to type DEF for DEFINE. 
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*DEFINE LITERALLY DEF = "DEFINE" 


These definitions may be saved to disk and auto- 
reloaded. In addition, an automatic LITERALLY 
expansion feature can be turned on and off. 


e Debugging registers are user-created, software 
registers that hold arm, breakpoint and trace 
specifications. The I2ICE system can be ordered 
to emulate the user program and specify one or 
more debugging registers. There is no need to re- 
enter the specification for each emulation. For 
example here is the definition of a debugging reg- 
ister called pay that contains a trace specifica- 
tion. This example takes advantage of the previ- 
ous LITERALLY definition. 


*DEF TRCREG pay = :cmaker.payment 


To emulate a user program and trace only during 
the procedure payment, specify the debugging 
register pay as part of the GO command. 


*GO USING pay 


e Debugging variables are user-created variables 
used with I2ICE system commands. For example, 
here is the definition of a debugging variable 
called begin. Its type is POINTER. 


*DEFINE POINTER begin = 0020H:0006H 


During a debugging session, the user can set the 
execution point to this pointer value by typing: 


*$=begin 


The I2ICE system pseudo-variable $ repre- 
sents the current execution point. 


Example of a Debugging Session 


Figures 2, 3, and 4 illustrate some of the key capabil- 
ities of the I2ICE system. The user program is written 
in Pascal-86. It was compiled, linked, and located on 
an Intellec Series Ill development system. The re- 
sulting file consists of absolute code and is called 
CMAKER.86. Figure 2 shows the Pascal listing; Fig- 
ure 3 shows a sample debugging session; and Fig- 
ure 4 briefly explains the debugging steps shown in 
Figure 3. 


The CMAKER.86 program controls an automatic 
changemaker. The program reads the amount ten- 
dered (the variable paid) and the amount of the pur- 
chase (the variable purchase). It calculates the 
coins needed for change and asserts control signals 
to a change release mechanism by writing an output 
port. Each of the lower four bits of the output port 
controls the release of a different coin denomina- 
tion. 


3 0 Q = quarters 
D = di 
Ta]ON|P] N=nickels 
= pennies 


I2ICETM System Command Functions 


- The I2ICE system command language contains a 


number of functional categories. 


e Emulation commands—the GO command in- 
structs the I2ICE system to begin emulation. The 
user can also command the I2ICE system to 
break or trace under certain specified conditions. 


e Utility commands—these are general purpose 
commands for use in a debugging environment. 
For example, one use of the EVAL command is to 
calculate the nearest source-code line number 
that corresponds to the address of an assembly 
language instruction. The PRESRC command 
can be used to display a specified number of 
source code lines preceding a breakpoint. The 
HELP command provides on-line assistance. The 
EDIT command invokes a menu-driven text editor 
(AEDIT) that allows updating of debugging object 
definitions and editing of development system 
files without exiting the I2ICE system. The shell 
escape command () enables access to the DOS 
operating system without exiting the I2ICE system 
(DOS host specific). A command line editor and 
history key are also provided. 


e Environment commands—these are commands 
that set up the debugging environment. For ex- 
ample, the MAP command sets up the memory 
map. Another environment command (WAIT- 
STATE) inserts wait-states into memory access- 
es, allowing the simulation of slow memories. 


e File handling commands—these are commands 
that access disk files. Debugging object defini- 
tions can be saved in a disk file and loaded in 
later debugging sessions. Debugging sessions 
can also be recorded in a disk file for later analy- 
sis. 


® Probe-specific commands—these are commands 
whose effects are different for different probes. 
For example, the PINS command displays the 
state of selected signal lines on the current 
probe. 


e Option-specific commands—these are com- 
mands that control an optional test/measure- 
ment device, such as the performance analysis 
tool. 
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SERIES-III Pascal-86, V2.0 

Source File: CMAKER.SRC 

Object File: CMAKER.OBJ 

Controls Specified: XREF, DEBUG, TYPE 


STMT LINE NESTING SOURCE TEXT: MAKER.SRC 


1 1 > .-0 PROGRAM cmaker; 
2 2 0 0 VAR change,coins | ‘integer; 
3 3 0 O quarters, nickels,dimes, pennies :integer; 
4 4 0 0 paid,purchase word; | 
5 6 0 0 PROCEDURE payment; 
6 7 t 0 VAR numberofcoins ‘integer; 
t 8 19 release :word; 
8 9 0 BEGIN (“payment”) 
8 10 2 numberofcoins: = quarters + dimes + nickels + pennies; 
9 11 ot while numberofcoins < >0 do 
10 12 | ee BEGIN 
10 13 t*.2 release: =0; 
11 14 2 if quarters< >0 then 
12 15 eee BEGIN 
12 16 #8 release: = release + 8; 
13 17 t 3 quarters: = quarters — 1 
END; 
15 19 tre if dimes < >0 then 
16 20 452 BEGIN 
16 21 1.33 release: = release + 4; 
17 22 F383 dimes: = dimes — 1 2 ay 
| END; 
19 24 tot if nickels < >0 then 
20 25 y BEGIN 
20 26 release: = release + 2; 
21 27 te nickels: = nickels — 1 
END; 
23 29 1-2 if pennies < >0 then 
24 30 V2: BEGIN 
24 31 1°33 release: = release + 1; 
25 32 Me ie pennies: = pennies — 1 
END; 
27 34 Te2 numberofcoins: = quarters + dimes + nickels + pennies; 
28 35 1.2 OUTWRD(130,release); 
29 36 Tine END; 
31 37 heal END; (*payment*) sod 
32 39 0 0 BEGIN (“main*) ‘ee 
32 40 0° 4 INWRD(2, paid); 5 ee 
33 41 ta | INWRD(70,purchase); 
34 42 0:1 change :=paid-—purchase; ; ie 
$6-7574S15 24 coins :=change mod 100; . hc GMs 
9 644 oD 1 quarters : =coins div 25; soe ES 
BF 45. nO 4 coins :=coins mod 25; Re earns 
SB 46 OR dimes :=coins div 10; bhee ea Sg 
39 47 4 coins :=coins mod 10; Opie: Ur eerer ie 
i! es» ae eae, nickels :=coinsdiv5; — (, Ua es 2 
41 4g '-3\Q-4 pennies :=coins mod 5; es 
42 50 0 1 payment; ; | Mack’ aa 
43 «51 O:°4 END. (*main*) Ss OU le. 


210469-5 | 


Figure 2. Listing of CMAKER.86 


22-420 


DECIMAL 


*MAP OK LENGTH 32K HS 

*MAPIO OT LENGTH 192T ICE 

*MAP 

MAP OK LENGTH 32K HS 

MAP — 32K LENGTH 992K GUARDED 
*MAPIO 

MAPIO 00000H LENGTH O000COH ICE 
MAPIO 000COH LENGTH OFF40H USER 


*LOAD :F1:CMAKER.86 


*DEFINE POINTER begin = $ 

*DEFINE BRKREG pay = :cmaker #9 

*DEFINE PROC display = DO 

."WRITE USING (‘ “quarters = ”,T,0,>’)quarters 
-.*WRITE USING (‘ “dimes = ”,T,0O’)dimes 

-"WRITE USING (‘ “nickels = ”,T,0,>’)nickels 

."WRITE USING (‘ “pennies = ”,T,0’)pennies 

.“RETURN TRUE 

."END 


*GO USING pay 
?UNIT 0 PORT 2H REQUESTS WORD INPUT (ENTER VALUE)*100 
_ 2UNIT 0 PORT 46H REQUESTS WORD INPUT (ENTER VALUE)*65 
—*Probe 0 stopped at :CMAKER#9 + 4 because of execute break 
Break register is PAY Trace Buffer Overflow 


*quarters;dimes;numberofcoins 
+1 
+1 
+2 


*DEFINE SYSREG wr_number = WRITE AT .:cmaker.payment.numberofcoins & 
**CALL display : 
*GO USING wr_number — 

quarters = + 1 dimes = +1 

nickels = +0 pennies = +0 
Probe 0 stopped at :CMAKER #28 + 3 because of bus break 

Break register is WR_.NUMBER 


*numberofcoins 

+0 

*EVAL release 

1100Y 12T CH’..’ 

*CLIPSOUT = 11Y 

*GO FOREVER 

UNIT O PORT 82H OUTPUT WORD 0C 

?Probe 0 stopped at location 0033:00AEH because of bus not active 
‘Bus address = 0203DE 

*$= begin 

* 


Figure 3. Sample Debugging Session (Explanations in Figure 4) 
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: cipue 


Checking to see that the default radix is decimal. 

Mapping user program memory to I2ICE high-speed memory and user I/O ports to the I2ICE system 
console. 

Loading the user program. 

Defining debugging objects. 

The debugging variable begin is set to $, an I2ICE eeu variable representing the current execution 
point. At this point in the debugging session, $ is the beginning of the user program. 

The break register pay specifies a breakpoint at statement 9 in the user program. 

The debuggning procedure display displays the value of some user program variables on the console. 
Beginning emulation with the debugging register pay. The console requests the two input values, paid 
and purchase. Then, the break occurs. 

Displaying three user program variables. 

Defining another debugging register. The specified event is the writing of the user program variable 
numberofcoins. When that event occurs, the I2ICE system calls the debugging procedure display. In 


addition to displaying some user program variables, this debugging procedure returns a Boolean value. 
Because this value is TRUE, the break occurs; if the value were FALSE, emulation would continue. 


Displaying the two user program variables, numberofcoins and release. The EVAL command displays 
release in binary, decimal, hexadecimal, and ASCII. Unprintable ASCII characters appear as periods 
(.). 
Asserting both output lines on the emulation clips. These lines are input to the prototype hardware and 
control a change release mechanism. 
. Resuming emulation. The console displays the write of release to the output port. The user program 


finishes executing, and the probe stops emulating because of bus inactivity. The $ is set back to the 
beginning of the user program in preparation for another emulation. 


Figure 4. Explanation of Sample Debugging Session in Figure 3 


I2ICET™’ SYSTEM INSTRUMENTATION iIPATT’ PERFORMANCE ANALYSIS | 
SUPPORT TOOL 


The Intel Performance Analysis Tool (iPAT analyst) 
helps software engineers optimize code and im- 


I2ICETM System Emulation Clips 
prove software reliability. Software object code gen- 


Eight external input lines are sampled during each 
processor bus cycle. The I2ICE system records the 
values of these lines in the trace buffer during each 
execution cycle. The I2ICE system can use these 
values when defining events. 


Four additional output lines synchronize I2ICE sys- 
tem events with external hardware. Two lines are 
active and programmable with I2ICE system com- 
mands. Two other lines, break and trace, allow an 
I2ICE system chassis to be linked to other I2ICE sys- 
tem chassis. 
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erated by Intel assemblers and Intel compilers (e.g., - 


for C, PL/M, Pascal, and FORTRAN) can be ana- 
lyzed symbolically to improve software execution ef- 
ficiency and to validate test coverage. Any object 
code that lacks Intel compiler information—but that 
can be run by Intel emulators and for which an abso- 
lute program map is available—can also be ana- 
lyzed (non-symbolically) by the iPAT analyst. The 
iPAT analyst operation is currently supported via a 
target interface to the I2ICE system. For more infor- 
mation, see the iPAT analyst data sheet, Order 
Number 280165. 
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I2ICET™ SYSTEM SPECIFICATIONS 


Host Requirements 
Series Ill, Series IV, Model 800, or IBM PC AT or PC 
XT. 


512K bytes in host development system memory 
space. 


Two double-density diskette drives or a hard disk. 


I2ICET System Software 


I2ICE system host software 

I2ICE system probe software 

I2ICE system confidence tests 

PSCOPE-86 (available as an sien for the IBM PC 
AT or PC XT) 


System Performance 


Minimum 32K bytes 
Maximum 288K bytes 


Mappable zero wait-state 
memory (zero wait-states 
up to 10 MHz for 8086; 

8 MHz for 8088; up to 10 
MHz for 80186/80188, and 
up to 10 MHz for 80286): 


Trace buffer: 
Virtual symbol table: 


1023 x 48 bits 


The number of user 
program symbols is 
limited only by avail- 
able disk space. 


ae > 
te fae 
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Physical Characteristics 


INSTRUMENTATION CHASSIS 
Width: 17.0 in (43.2 cm) 


Height: 8.25 in (21.0 cm) 
Depth: 24.13 in (61.3 cm) 
Weight: 48 Ibs (21.9 kg) 


HOST/CHASSIS CABLE 


10 ft (3.0m) and 42 ft (12.8m) options for 
Series Ill/Series IV host 
15 ft (4.6m) for PC host 


INTER-CHASSIS CABLE SET 
2 ft (61 cm) and 10 ft (3.0m) options 


BUFFER BOX 
Width: 8.5 in (21.6 cm) 


Height: 3.0 in (7.6 cm) 
Depth: 10.0 in (25.4 cm) 


Weight: 8 Ibs (3.7 kg) 


Electrical Characteristics 


90-132V or 180-—264V (selectable) 
47-63 Hz 
12 amps (AC) 


Environmental Requirements 

Operating Temperature: 0°C to 40°C (32°F to 
104°F) 

Maximum of 85% relative 
humidity, non-condensing 


Operating Humidity: 
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PRELIMINARY 


ICE™-1861N-CIRCUIT EMULATOR 


HIGH PERFORMANCE REAL-TIME EMULATION 


Intel's ICE-186 emulator delivers real-time emulation for the 80C186 microprocessor at speeds up to 
12.5 MHz. The in-circuit emulator is a versatile and efficient tool for developing, debugging and 
testing products designed with the Intel 80C186 microprocessor. The ICE-186 emulator provides real 
time, full speed emulation in a users system. Popular features such as symbolic debug, 2K bytes 
trace memory, and single-step program execution are standard on the ICE-186 emulator. Intel 
provides a complete development environment using assembler (ASM86) as well as high-level 
languages such as Intel's C86, PL/M86 or Fortran 86 to accelerate development schedules. 


The ICE-186 emulator supports a subset of the 80C186 features at 12.5 MHz and at the TTL level 
characteristics of the component. The emulator is hosted on IBM’s Personal Computer AT, already 
available as a standard development solution in most of today’s engineering environments. The 
ICK-186 emulator operates in prototype or standalone mode, allowing software development and 
debug before a prototype system is available. The ICE-186 emulator is ideally suited for developing 
real-time applications such as industrial automation, computer peripherals, communications, office 
automation, or other applications requiring the full power of the 12.5 MHz 80C186 microprocessor. 


ICE™-186 FEATURES 


e Full 12.5 MHz Emulation Speed e Coprocessor Support 
e 2K Bytes Deep Trace Memory @ RS-232-C and GPIB Communication Links 
e Two-Level Breakpoints with Occurrence e Crystal Power Accessory 
Counters e Interface for Intel Performance Analysis Tool 
© Single-Step Capability (iPAT) 
e 128K Bytes Zero Wait-State Mapped Memory e Interface for Optional General Purpose Logic 
e Supports DRAM Refresh Analyzer 
e High-Level Language Support e Tutorial Software 
e Symbolic Debug © Complete Intel Service and Support 


Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Inte! product. No other circuit patent licenses are 
implied. Information contained herein supersedes previously published specifications on these devices from Intel. 


AUGUST, 1987 
© Intel Corporation 1987 22-424 Order Number: 280726-001 
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GHEST EMULATION SPEED 
AVAILABLE TODAY 

The ICE-186 emulator supports development and debug of 
time-critical hardware and software using Intel’s 12.5 MHz 
80C186 microprocessor. 


RETRACE SOFTWARE TRACKS 


This emulator captures up to 2,048 frames of processor 
activity, including both execution and data bus activity. 
With this trace memory, large blocks of program code can 
be traced in real time and viewed for program flow and 
behavior characteristics. 


HARDWARE BREAKPOINTS FOR 
COMPLEX DEBUG 


User-defined “TIL-THEN” breakpoint statements stop 
emulation at specific execution addresses or bus events. 
During the hardware and software integration phase, 
breakpoint statements can be defined as execution 
addresses and/or bus addresses and/or bus access types 
such as memory and I/O reads or writes. Additionally, 
event counters. provide another level of breakpoint control 
for sophisticated state machine constructs used to specify 
emulation breakpoints/tracepoints. 


SMALL OR LARGE STEPS 


A stepping command can be used to view program 
execution one frame at a time or in preset frame blocks. 
When used in conjunction with symbolic debug, code 
execution can be monitored quickly and precisely. 


DEBUG CODE WITHOUT A 
PROTOTYPE 


Even before prototype hardware is available, the ICK-186 
emulator working in conjunction with the Crystal Power 
Accessory (CPA) creates a “virtual” application 
environment. 128K bytes of zero wait-state memory is 
available for mapped memory and I/O resource addressing 
in 4K increments. The CPA provides emulator diagnostics 
as well as the ability to use the emulator without a 
prototype. 


DON’T LOSE MEMORY 


The ICE-186 emulator continues DRAM refresh signals 
even when emulation has been halted, thus ensuring 
DRAM memory will not be lost. During interrogation mode 
the ICE-186 emulator will keep the timers functioning and 
correctly respond to interrupts in real-time. 


HIGH LEVEL LANGUAGE SUPPORT 
_ OPTIMIZED FOR INTEL TOOLS 


: The ICE-186 supports emulation for programs written in 
Intel’s ASM86 or any of Intel’s high-level languages: 


Fortran-86 
C-86 


— PLIM-86 
ee: Pascal-86 


: These languages are optimized for Intel component 
architectures to deliver a tightly integrated, high 
performance development environment. 
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USER-FRIENDLY SYMBOLICS AID IN a: 
DEBUG ee bey 
Symbolics allow access to program symbols by name ae 


rather than cumbersome physical addresses. Symbolic 
debug speeds the debugging process by reducing reliance 
on memory maps. In a dynamic development process, user 
variables can be used as parameters for ICE-186 
commands resulting in a consistent debug environment. 


COPROCESSOR SUPPORT 


Coprocessor support enables applications to run faster 
due to off loading of the main CPU. The ICE-186 emulator 
supports alternate coprocessors such as LAN controllers 
and graphic engines, however it does not have built in 
support for the 8087 coprocessor. 


MULTIPLE HIGH-SPEED 
COMMUNICATION LINKS 


Two communication links are available for use in 
conjunction with the host IBM PC AT. The ICE-186 
emulator uses either serial (RS-232-C) or a parallel (GPIB) 
link. A user supplied National Instruments (IKEE-488) 
GPIB communication board provides parallel transfers at 
rates up to 300K bytes per second. 


SOFTWARE ANALYSIS (iPAT) 


Intel’s Performance Analysis Tool (iPAT) is designed to 
increase team productivity with features like interrupt 
latency measurement, code coverage analysis and 
software module performance analysis. These features 
enable the user to design reliable, high performance 
embedded control products. The ICE-186 emulator has an 
external 60 pin connector for iPAT. 


BUILT-IN SUPPORT FOR LOGIC 
ANALYSIS 


General-purpose logic analyzers can be used in 
conjunction with the ICE-186 to provide detailed timing of 
specific events. The ICK-186 emulator provides an external 
sync signal for triggering logic analysis, making complex 
trigger sequence programming easy. An additional 60 pin 
connector is included for the logic analyzer. 


WORLDWIDE SERVICE AND SUPPORT 


The ICK-186 emulator is supported by Intel's worldwide 
service and support organization. Total hardware and 
software support is available including a hotline number 
when the need is there. 
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PERSONAL COMPUTER 


REQUIREMENTS 
The ICE-186 emulator is hosted on an IBM PC AT. The 


emulator has been tested and evaluated on an IBM PC AT. 


The PC AT must meet the following minimum 

requirements: 

© 640K Bytes of Memory 

© Intel Above Board with at Least 1M Byte of Expansion 
Memory 

© One 360K Bytes or One 1.2M Bytes floppy Disk Drive 

® One 20M Bytes Fixed-Disk Drive 

e PC DOS 3.2 or Later 

© A serial Port (COM1 or COM2) Supporting Mioimatty at 
9600 Baud Data Transfers, or a National Instruments 
GPIB-PC2A board. 

e IBM PC AT BIOS 


PHYSICAL DESCRIPTION AND 


CHARACTERISTICS 


The ICE-186 Emulator consists of the following 
components: 


Contro] Unit 10.40 26.40 


Power Supply 2.80 7.10 
User Probe 3.70 9.40 


User Cable/ 
Picc 
Hinge Cable 
Crystal Power 
Accessory 430 10.90 
CPA Power 
Cable 


USER CABLE 
~ De LeIRaRSEES ae 


_+ | 
Tare See Le 3.4” 
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ELECTRICAL COLE aeouen 


Icc 1050mA 


ENVIRONMENTAL SPECIFICATIONS 


Operating Temperature 10°C-40°C Ambient 
Storage Temperature —40°C-70°C 


ORDERING INFORMATION 

ICE 186 ICE-186 NMOS System including ICE 
software (Requires DOS 3.XX PC AT with 
Above Board) 

ICE 186PAT ICE-186 NMOS System including ICE S/W 


packages and the iPAT system (Requires - 
DOS 3.XX PC AT with Above Board) 


D86ASM86NL_ 86 macro assembler 86 builder/binder/ 
mapper utilities for DOS 3.XX. 


D86C86NL 86 C compiler and run time libraries for 


DOS 3.XX. 
D86PLM86NL 86 PL/M compiler for DOS 3.XX. 


D86FOR86NL 86 Fortran compiler for DOS 3.XX. 
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